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ABSTRACT 
Thermal.conductivity, in association with characteristics of the· 
thermodynamic medium at the food surface, establishes heat flow at the 
food boundary and ref�ects the.transient properties meat ha� undergone 
du�ing temperature;change. The purpose of this research was to design 
and_ build an arparatus to measure the�al conductivity and to study some 
of the.transient properties of gro':1Jld pectoral t�rkey muscles. 
Ground turkey pectoral muscles _were heated in 9 increments f�om 
77 to 185 ° F.and held at end point temperature for O or 15 minutes. 
Thermal. conductivity was-calculated directly from data or.indirectly 
by-solving fer diffusivity and.then calculating f�r thermal conductivity. 
Water-hQlding capacity (expressible moisture index ,. total moisture, 
cooking loss), protein solubility (protein extractability), and change 
in pH·were·studied to determine the possible relation between thermal 
conductivity and.prot�in denaturation. 
The thermal conductivity values _were expressed in terms of 
cal/sec cm °F or Btu/hr. ft °F. With both met.hods of calcu�aticm, 
th.ermal conducti vi �y va;ues were. significantly affected (P < · 0. 05) by 
end point te�perature at the O minute but not.at th� 15 minut� holding 
time ,even\though holding times per se had no significant effect. 
Several approaches a�d modes of calculation of the thet;mal· 
properths suggested that co.nductiv�ty value� were influenc.ed by a 
nwpber of factors. Protein denatur�tion was:postulated as,a factor 
iii 
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contributing to inconsistencies in thennal vilues. Significant 
(P < 0,01) effect of temperature upon cooking loss, total moisture, and 
expressible moisture suggested protein denaturation. Tile water-holding 
capacity expressed by these determinations tended to decrease with 
increasing temperature. These changes were greatest in the end point 
temperature range of 104 to 158 °F. Protein solubility decreas�d with 
increase in end point temperature from 77 to 131 to 185 °F. A protein 
fraction extracted with phosphate buffer (I= 0.05, pH 7.6) decreased 
in solubility 30 percent and 60 percent from an initial end point at 
77 to 131 to 185 ° F, respectively. Tile pH was significantly (P < 
0.01)  affected by temperature. With all parameters, no difference was 
found between holding times. 
It can be postulated that the denaturation phenomenon in the 
current experiment influenced conductivity values by the changes in 
structure and composition of the muscle system as well as by the energy 
consumption involved in conformational changes of the protein. However, 
spe�ific relationships were not defined. 
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CHAPTER I 
INTRODUCTION 
Present technology has made apparent the necessity of 
characterization of thermal properties for optimization of development 
of food processing equipment and procedures and food formulations (Lusk 
et al. , 1964; Saravacoas and Meyer, 1967; Hill et al., 1967; Wadsworth 
and Spadero, 1969). Current and historic literature indicate an apparent 
consensus that heat affects the chem�cal. and physical characteristics of 
a food product. Conclusive definitive information on mode of heat 
action attributable to thermal properties is difficult to obtain since 
many of the experiments have been highly individualistic and insuffi­
cient detailed sample delineation has been given (Lentz, 1961) . Also, 
the pertinent literature in this· area indicates a lack of recognition 
of the complex dynamic:nature of food systems . 
Heat curves have been related to heat transfer and other thermal 
parameters and used to define processing conditions within the food 
industry (Thompson, 1919; Charm, 1963; Hayakawa, 1969) . However, such 
curves and associated parameters as the coefficients are h�ghly related 
to the equipment and product formulations and thus the breadth and 
applicability of the defined parameters are 'limited. The determination 
of thermal properties as well as the study of other chemical, biological 
and physical properties of a food product become increasingly important 
with modern technology. 
1 
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The purpose of this research was to design and build an apparatus 
to measure thermal conductivity and to study some related properties of 
heated ground pectoral turkey muscles. 
CHAPTER II 
REVIEW OF LITERATURE 
I. THERMAL CHARACTERISTICS AND PROPERTIES 
The thermal properties of a food refer to the mode of action of 
heat distribution in a food product (Dickerson and Read, 1968). Two 
thermal properties of importance are thermal conductivity and thermal 
diffusivity. Thermal conductivity is a parameter that in4icates the 
transient processes meat has undergone during temperature change, 
Conductivity, in association with charactertstics. of the thern\odynamic 
medium at the food surface, establishes heat flow at the food boundary. 
Tilermal diffusivity is the actual ability of a food to conduct heat to 
adjacent molecules, serving as a measurement of the quantity of heat 
absorb�d by a food at a given temperature. 
Some thermal properties may be expressed in dimensionless 
parameters. The heat transfer coefficient was reported by Saravacos and 
Meyer (1967) as a nondimensional expression of heating rate. It was 
used for calculation of heat balance in fruit products in an agitated 
kettle. Coefficient methodology was used by Hitchcock (1968) to simu­
late mathematical models for heat transfer in prepared foods. Earle and 
Fleming (1967) used a dimensionless temperature ratio to compare cooling 
rates in various sized lamb and mutton carcasses. Dimensionless para­
meters were used by Hayakawa (1969) to assist in delineation of thermal 
properties and calculation of the average temperature in a cylindrical 
3 
can during processing. Tilermal diffusivity then was determined from 
these parameters. 
Methods� Procedures of Determining Thermal 
Characteristics� Proper7ies 
Thermal properties in foods have been studied by modifications 
4 
of five principal methods (Woodams and Nowrey, 1968; Qashou et al. ,. 
1970) : (1) the concentric cylinder method, (2) the concentric sphere 
method, (3) the parallel plate method, (4) the thermal diffusing method, 
and (5) the line-source technique. A review of the literature indicates 
that modifications of the parallel plate method, the thermal diffusing 
method and the line-source technique are the approaches used most fre­
quently for determination and calculation of thermal conductivity and/or 
thel;'IJlal diffusivity in food products. 
The principal difficulty with use of the concentric cylinder and 
concentric sphere methods is the lack of prevention of. convection cur­
rents and of later applicability to food products, Both of these factors 
decrease the validity of thermal conductivity values (Woodams and Nowrey, 
1968) . Tile plate method, or modification of it, is the one most fre­
quently used for evaluation of thermal conductivity but miscalculation 
attributable to heat loss from the sample are possible. In using a 
modified parallel plate method with beef, Melgar (1970) obtained thermal 
conductivity values 2 to 4 times greater than published literature 
values. 'Ibis was postulated as attributable to lack of correct heat 
input data and equipment factors. Miller and Sunderland (1963) , who 
used a guarded hot plate method, indicated decreased validity in 
conductivity values as the temperature differences between the hot and 
cold plate lessened. The plate method data might become progressively 
less valid with increasingly complex heat sensitive food systems. 
s 
The line-source technique is purported to alleviate some of the 
disadvantages of the previously cited methods (Qashou et al. , 1970) . 
This technique offers advantages in that special dimensions are not 
required for the meat sample, the transient test time is of short dura­
tion, a small temperature change occurs during testing, and data collec­
tion enable cross-checking calculation of thermal diffusivity values. 
The line.-source metho� also has the capability for determination of 
thermal diffusivity without data on sample density (p) and specific 
heat (C) (Nix et al. , 1967) . Although a uniform temperature throughout p 
the sample is required, Nix et al. ( 1969) observed that this method is 
applicable for det�rmination of thermal parameters of samples with 
amorphpus properties. Qashou et al. ( 1970) defined the basis of the 
line-source technique as follows: "The temperature rise at any point 
in an infinite solid containing a suddenly initiated, constant rate, . 
line heat source is a function of spatial position, time, thermal 
properties of the solid, and source strength." 
Although not a definitive method of characterization of thermal 
properties, differential thermal. analysis (OTA) is considered as a 
relatively precise tool for indication of changes in protein during 
heating (Steim, 1965) . Duckworth (1971) defined OTA as a technique 
whereby the temperature difference between an inert reference and the 
test substance is recorded. Usually this is done by constant rate 
heating or cooling for a given time. 
Calculation and Relationship� Thermal 
Characteristics and Properties 
6 
There are numerou� mathematical approaches that have possible 
applicability in a complete detailed delineation of data obtained from 
the heating of food systems. However, only those calculations important 
and/or applicable to the research project reported and the capabilities 
of the investigator are included . 
The two properties, conductivity (K) and diffusivity (a), are 
mathematically related by the following equation: 
Equation 1: K a= -cp_)_(_c
p
-j 
Equation 1 is sometimes called the thermal diffusing method of 
calculating conductivity (Woodams and Nowrey, 1968) . With this method, 
density (p) and specific heat (C ) are requisite. As early as 1919, p 
Thompson used temperature-time curves and the effect of size and shape 
of the canned food containers to calculate diffusivity from'Equation 1. 
Much of the delineation of thermal conductivity tmder transient 
and steady-state conditions pertinent to the line-source technique uses 
probability methods involving intricate mathematical approache? 
(Leishman, 1968) . However, many of the model and problematical 
approaches are concerned with materials used by industrial and chemical 
engineers and these have less temperature sensitivity than food . 
Several approaches to calculation of thermal properties in food 
systems have been used (Dickerson and Read, 1968; Qashou et al . ,  1970; 
Cowling, 1972). Dickerson and Read ( 1968) used a modification of the 
line-source method·developed by Voss (1955) and calculat�d conductivity 
using Equation 2. Employment of the equation necessitated knowledge of 
the amperes ( I) and resistance of the heater wire (ohms/ft,Z) as well· 
as two temperatures (V2, Vl) and times (T2·, Tl) . 
Equation 2: K = (
3,4l3(I
2
JfZ�
lnfl
2/T1)) 
(4. 0('rr ( -V )) 
Using a thermal conductivity probe, units obtained for the parameter 
were Btu/hr ft °F. 
Qashou et al, (1970) calculated conductivity using Equation 3. 
Equation 3: V2 - Vl = q'/ (4 (K) (n)) (ln ( (T2-T )/ (Tl�T ))) 0 0 
Of particular pertinence in this equation is the time correction term 
of T (initial time) to account for discrepancies from the theory. 
0 
Line-source strength is designated as q' in Equation 3. 
Cowling ( 1972) used a different approach for calculation of 
thermal conductivity in a food system . An exact mathematical solution 
to a line•heat source in an infinitely long cylinder with insulated 
walls was obtained. When the sample was at a uniform temperature, data 
were collected to supply the needed temperatures, times, radii, and heat 
input values . An appropriate FORTRAN program and the IBM 360/65 
computer system solved thermal diffusivity and calculated thermal 
conductivity, 
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In the three approaches cited for calculation of thermal 
conductivity from data obtained by the line-source technique, the impor­
tance of minimizing temperature error is apparent. The curve-fitted 
calculated temperatures were used advantageously (Cowling, 1972). By 
use on the IBM 360/65 computing system of an updated version of the 
GECAP (V-I, 9-15-71) program, it was possible to print the coefficients 
for the Nth degree (0 to 10 degree testeg) polynomial calculated by the 
best-fit function (Beadle, 1971). 
Thermal conductivity has been expressed in different units by 
different investigators. For example, Poppendiek et al. (1966) indi­
cated that the thermal conductivity values obtained from use of a modi­
fied parallel plate technique on bovine muscle were 0.305 Btu/hr ft °F 
0 -3 or 1.261 cal/cm sec C x 10 • They used 1 Btu/hr ft °F to equal 
4ol35 x 10-3 cal/cm sec °C. Miller and Sunderland (1963) reported that 
Btu/hr ft °F were equivalent to units of Btu/hr ft
2 
°F/ft. 
Factors Influencing Thermal Characteristics 
Characterization of thermal properties in food systems is 
difficult p A comparison of experimental data from one study to another 
is confusing and misleading. Often there is a lack of information on 
experimental conditions as well as on the chemical and/or physicochemical 
characteristics of the sample itself. A summary of selected thennal 
conductivity values in the literature may be found in Table 1. 
Using the modification of the line-source technique in the form 
of a probe, Morley (1966) observed that thermal conductivity values of 
9 
TABLE 1 
INVESTIGATIONS CONCERNING ntERMAL CONDUCTIVITY OF MEAT AND WATER 
....,.,.. .. Heat 
*tf'odb 
Mohture 
M,uac:e !!I'•., l YflMI Plow• ' R.ehmc• 
Water 68 1.40 cal/ca2 sec 0c/cm x 10-3 Lentz (1961) 
Beef, lean 68-77 14.40 kcal cm/min ca2 •c x 10-5 Parallel Melgar (1970) c 
77-86 13.54 
86-95 13.06 
95-104 12.31 
104-113 12.32 
113-122 11.92 
122-131 11.43 
131-140 11.28 
140-149 11,13 
149-158 11. 28 
158-167 10,89 
167-176 10.56 
176-185 10.28 
185-194 10.12 
194-203 9,30 
Beef� lean low o. 0038 1-c1l/1tc/cm2 Parallel Awbery and Griffiths 
(1933) 
Bovine muscle 75-100 1,261 c•l/cm sec •c x 10·3 Parallel Poppendhk et al. (1966) 
0, 305 Btu/hr ft •p 
�ef, around 42-44 0, 2030 Btu/hr ft •p Line-Source 55.28 Qashou et al. (1970) 
37-38.5 0,2080 52.64 
Chuck, ground 43-43. 3 0.2350 67,13 
37-38.7 0.2530 61.63 
Water 41 0.326 Btu/hr ft •p Parallel Lentz (196l)c 
Beef, lean 36.5 0. 279 74,0 
32.0 0.284 
-4,0 0.904 
Beef, lean 35,0 0.290 2 Parallel 75.0 
32." 0.284 
-4.0 0.904 
Tµrltey breast -13.0 0.968 2 74.0 
5,0 0.883 
37.0 o. 302 
'l'urltey leg -13.0 0.871 
Beef, lean 8.7 O. 769 Btu/hr ft •p Parallel 78.9 Hill et al. (1967) 
74.4 0.278 
143. 7 0. 281 
Beef, lean 11. t 0.806 2 Parallel 78.9 
63.4 0. 248 
141.6 0.256 
Beef 0�10 0.62 Btu/hr ft •p 2 Parallel 69.5 Miller and Sunderland 
15-30 0.57 (1963)C 
32-40 0.17 
Broiler muscle 80 2.86 Btu/hr ft2 °F/in Parallel 69-75 Walters and May (1963) 
Broiler 111.1scle 
and skin 2.54 
Hen muscle 3.06 
Hen adcle 
and skin 2. 75 
'Type of heat flow is listed when available by number according to the following ltey: (1) perpendicular to 
fiber or gl'ain, and (2) Pllrallel to fiber or grain. 
bType of apparatus is modification of parallel plate or line-source technique. 
cData p�sentation modified or averaged by this author. 
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selected muscles were dependent upon temperature. Generally conductivity 
values increased with a decrease in temp'erature if data were compared 
for frozen versus unfrozen meat. Variation among muscle species was 
accentuated when samples were frozen. Possibly this difference was 
attributable to a variation in ice· crystal formation. This is partially 
supported by the investigation of the thermodynamic properties of fish 
(Long, 1955 ). A sharp increase in .thermal conductivity values occurred 
when temperatures fell below the initial freezing point and the rate of 
increase diminished as freezing progressed. The therma� conductivity 
values were approximately 3-1/2 times greater in frozen than unfrozen 
fish. 
Thermal conductivity values have not been extensively investigated 
for temperature ranges representa�ive of conditions during thermal pro­
cessing of meat. However, some investigations for temperatures above as 
well as below the freezing point of meat have been reported .. Using a 
modification of the parallel plate method with beef, pork, veal and 
lamb at various heat flow patterns, as well as fat and moisture levels, 
Hill et al. (1967) observed that as temperatures increased above freezing, 
the conductivity increased slightly; but at temperatures below freezing, 
conductivity varied inversely with temperature. Miller and Sunderland 
(1963) also reported similar results. Conversely, Melgar (1970) using 
a plate method, noted that thermal conductivity values decreased as 
temperature increased from 20 to 95 °C, 
Lentz (1961) used a modification of the parallel plate method 
with slabs of frozen meats, associated fats and model systems to clarify 
11 
some of the inconsistencies attributable to heat flow . Models of 
6 percent gelatin gel and butter fat were structured to simulate the fat 
and lean portions of meat . The structures were oriented to have heat 
flow parallel or perpendicular to the layers. Maximum thermal conduc­
tivity values were observed for the heat flow parallel to the layers and 
were at a minimum when heat flow was perpendicular to the layers. 
Salmon, codfish, beef (lean sirloin and lean leg) , pork {lean leg), and 
turkey (breast) yielded conductivity values 15 to 30 percent greater 
when heat flow was parallel than when perpendicular to fibers. This is 
substantiated in Table 1 (page 9) in which K values from the literature 
may be found. However some differences have been noted by Lentz (1961) . 
In a study of beef, pork, veal or lamb of identical moisture content, 
thermal conductivity values were only 8 to 16 percent lower for samples 
measured perpendicular rather than parallel to the grain. Massey and 
Sunderland (1967) found thermal conductivity values of freeze-dried beef 
at 1 Torr pressure and an average interface temperature and surface 
temperature of O and 100 °F, respectively, to be 0.0416 Btu/hr ft °F when 
fiber orientation was parall.el to the heat and vapor flow. When heat 
and vapor flow was not parallel, the conductivity value was 16 percent 
lower, 0.035 Btu/hr ft 0 f. Using a modified parallel plate method, 
Poppendiek et al. (1966) reported only a small percentage difference 
between heat flow parallel or perpendicular to calf fiber direction 
.... 
in muscle. 
12 
II. MUSCLE COMPOSITION 
Muscle is a component of meat of considerable importance and 
interest to the food scientists and technologists. In this report meat 
will refer specifically to the system under discussion, whether composed 
of the muscle tissue only or of muscle and fat. Lean muscle is about 
75 percent water, 18 percent protein, 3 percent fat, 1.6 percen� non­
protein nitrogenous compounds, 1. 2 percent carbohydrate and its metabo­
lites, 0�7 percent inorganic salts, plus traces of vitamins and other 
compounds (Paul and Palmer, 1972) . The major classification of  organic 
matter in meat on a waterfree basis is protein (Bodwell and McClain, 
1970) . Muscle proteins are classified as myofibrillar (10 percent) , 
sarcoplasmic (6 percent) or connective tissue proteins. Other special­
ized proteins of relatively lesser amounts are present in other tissues 
in meat. 
Sarcoplasmic proteins are contained within the sarcoplasm and 
subcellular organelles of the muscle fiber (Paul and Palmer, 1972) . 
This class of proteins probably consists of over SO enzymes important 
to the oxidation-reduction reactions in the live animal tissue. In 
addition, nucleoproteins, lysosomal protein, and myoglobin also are 
sarcoplasmic proteins. 
Myofibrillar proteins are those which compose the contractile 
structures of the muscle. Thus, they function to translate chemical 
energy into the mechanical energy of the muscle . The primary types of 
proteins designated in this class are myosin (50-55 percent) , actin 
13 
(20�25 percent) , tropomyosin (10-15 percent) and a number of miscellaneous 
proteins (5-10 percent) . Connective tissue proteins consist of collagen, 
elastin, reticulin and ground substance. 
III. PROTE IN DENATURATION 
Phenomenon of Protein Denaturation 
Problems in definition of denaturation are apparent from the 
literature. In 1944 Neurath et al. defined the phenomenon by writing 
"Den�turation is any nonproteolytic modification of the unique structure 
of a native protein giving rise to definite changes in chemical, physi­
cal, ,or biological properties ."  The multifold manifestations of these 
changes indicate the inadequacy of this definition. In 1965, Joly 
presented a g�neral definition to indicate denaturation as "any modifi­
c�tion of the secondary, tertiary and quaternary structure of the pro­
tein molecule, excluding any breaking of covalent b�nd." 'Ihus in this 
study, denaturation will refer to the process, or sequence of processes 
whereby the protein molecule undergoes intramolecular change or 
rearrangement (Kauzmann, 1959; Putnam, 1953) . 
Denaturants. Change in the protein molecule may be brought a�out 
by the physical, chemical and/or biological action of denaturants. In 
the production of meat products, the action of heat and chemical denatu� 
ration are of main importance. The denaturant of inunediate concern in 
this study was heat. Chemical denaturation will be discussed as it per­
tains to the results of thermal action even though it is recognized 
that pH and temperature·are interdependent denaturants and separation 
of the two is difficult (Joly, 1965) . 
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Heat denaturation. Heat denaturation of protein has been studied 
in both intact and model systems. During the thermal transition of the 
protein there is the denaturation as defined by Joly ( 1965). That is, 
there is a conformational change, a modification of the original native 
protein. These changes occur throughout the protein molecule within a 
narrow range of temperatures (Tanford, 1968). Although exceptions have 
been found, generally a loss of solubility attributable to protein 
coagulation occurs during heating. Using moderate temperatures, heat 
denaturation brings about beadlike aggregates of protein molecules 
... , (Joly, 1965) 0 If  pH and protein concentration remain constant, the 
beadlike aggregates increase in length with �ncreasing temperature 
and/or heating time Q Aggregation of the protein molecules into a gel 
may occur if concentration and temperature are favorable. Other factors 
also may be operational in their effect on denaturation. 
Hamm {1966) reviewed and discussed the effect of heat upon 
muscle protein. Applicability of basic knowledge to a muscle on the 
effect of heating upon isolated muscle proteins is suspect. For 
instance, the heat gelling properties of myosin, actin and actomyosin 
in model saline systems do not depict the interactions occurring in 
muscle systems (Samejima et al., 1969). In the ground meat, the inter­
action of stroma proteins contribute to the heat gelling phenomenon. 
In addition, further differences between the two possible situations can 
be attributed to probable higher protein concentrations in tissue, . a 
protective nature of some of the tissue proteins, and a special steric 
position of each protein in the intact muscle tissue (Hamm, 1966) . 
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Physical and chemical changes in muscle during heating were · 
summarized as follows (Hamm, 1966). At 20-30°C ATP activity of myosin 
decreases. At 30 °C small fragments of myosin begin to be split off the 
molecule . At 30-50 °C the peptide chains of the myofibrillar proteins 
begin to unfold and relatively unstable cross -linkages begin to form. 
Denaturation of sarcoplasmic proteins also begins during this temperature 
span. At S0-55° C rearrangement of myofibrillar proteins continues with 
increasing stability of the initial cross-links. Further denaturation 
of sarcoplasmic proteins occurs o At 55-65°C most of the glQbular and 
myofibrillar muscle proteins are denatured to the point of coagulation. 
Bendall (1964) concurred that sarcoplasmic and myofibrillar proteins 
denatured at 62 °C. Thus, the helical portions of these proteins would 
be unfolded and tmraveled and the resulting less organized chains would 
form hydrogen and/or ionic bonds as relatively stable cross-links . 
Changes in the collagen begin to occur above 65 °C (Hamm, 1966) . Above 
70°C formation of the disulfide cross-bonds from actomyosin occurs. 
Measurable Properties of Protein Denaturation 
Denaturation of protein often is defined and described in terms 
of measurable properties. Each change in a measurable property of 
protein reflects a change in protein structure and is considered as 
denaturation (Kauzmann, 1959) . Putnam (1953) indicated that solubility 
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determination is an important quantitative method for evaluation of 
protein denaturation and the associative kinetics of the process. 
Changes in water-holding capacity and pH indicate alteration in the type 
and nature of intra- and intermolecular bonding in a protein system. ' 
Solubility. Change in solubility when protein is a cted upon by 
a denaturing agent is considered by some investigators as a criterion 
of denaturation. A decrease in protein extractability occurs with 
increased protein denaturation (Hargus et al., 1970) . However, gross 
chang,s in solubility are not always reflective of the extent of 
denaturation. 
Solubility of the fibrillar proteins is decreased by heating the 
muscle (Hamm, 1966) 0  This decrease increased from 20 to 60° C with the 
greatest occurring in the 40 to 60°C range. Almost complete insolubility 
of fibrillar proteins is evidenced above 60° C. The sarcoplasmic pro­
teins, although not as readily denatured are completely insoluble above 
80°C .  Landes et al. (1971) reported that precipitation of denatured 
sarcoplasmic proteins upon native myofibrillar proteins accompanied a 
decreased myofibrillar protein extractability. Huber et al . ( 1970b) 
postulated that this probably accounts for greater total soluble 
fibrillar protein nitrogen in muscles of anesthetized than those of 
nonanesthetized turkeys , Huber et al . ( 1970a, 1970b) used protein 
solubility in two different phosphate buffer systems (pH 7.4, I =  1 . 0 ;  
0.03 M buffer) to characterize the decrease in protein solubility of 
chicken and turkey muscle heated to 85°C end point temperature . 
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Many buffers and chemicals have been used to extract protein and 
determine the effect of a wide range of treatments, situations and 
environments. Methods and procedures are oriented to the fractionation 
of the protein components as previously discussed. Phosphate buffers 
and other solutions of varying pH and ionic strength frequently have 
been used by investigators for protein fractionation and solubility 
differentiation (Hegarty et al. , 1963; Landes et al . ,  1971; Huber and 
Stadelman, 1970a) . Ovine samples have been fractionated into myofibril­
lar and sarcoplasmic proteins by use of a phosphate buffer. Sarcoplasmic 
protein was extracted with potassium phosphate buffer of 0.01 M, pH 7.4. 
Myofibrillar proteins were extracted with the identical buffer contain­
ing additional l o l  M potassium iodide (McLoughlin , 1968).  Chaudhry 
et al . (1969) used a potassium phosphate buffer containing (O o 03 M, 
pH 7.4) to extract sarcoplasmic protein and a phosphate buffer containing 
either KCl or KI (O.S M KCl, 0. 1 M K-phosphate buffer, pH 7.4; 1. 1 M KI, 
0. 1 MK-phosphate buffer, pH 7.4) to extract myofibrillar protein from 
rabbit and bovine muscle. A frequently cited procedure by Hegarty 
et al. (1963) used a potassium phosphate buffer (pH 7.6, I =  0. 05) to 
extract and fractionate sarcoplasmic protein and a high ionic strength 
solution, Weber-Edsall buffer, to extract fibrillar protein from beef 
muscle. It was suggested that with this method, mechanical damage 
during freezing could bring about an overestimation of sarcoplasmic 
proteins because of greater solubility of actin and myosin. 
Care must be taken in applying extraction results from meat 
other than poultry to chicken or turkey protein fractionation procedures . 
1 8  
In postmortem extraction of chicken, beef and pork muscles in KCl buffer 
(0. 6 M) a difference was noted among the three meats (McIntosh, 1967) . 
A 0 . 03 potassium phosphate buffer and a O o l  M potassium phosphate 0. 5 M 
· potassium chloride buffer at pH 7 . 4 were used to remove turkey sarco­
plasmic and turkey myofibrillar proteins,. respectively (Maxon and Marion, 
1969) . Huber et al . (1 970b) used two phosphate buffers to extract total 
soluble proteins (0.049 M Na2HPo4 •7ffiO, 0. 0045 M NaH2Po4, KCl, I= 1.0, 
pH 7 o 3) and sarcoplasmic proteins (0 . 03 M potassium phosphate buffer, 
pH 7. 4 ) from turkey pectoralis muscles. 
Water-holding capacity. The degree to which water is held in the 
meat is sometimes expressed by the term water-holding capacity (WHC) . 
Hamm {1960) defined water .. holding capacity as "the ability of meat to 
hold fast to its own or added water during application of any force." 
This definition will be applicable throughout the subsequent report. 
If the water from a meat sample is liberated by force, this is termed 
"loose water"; whereas, that retained by the tissue is occasionally 
defined by use of a quantitative press method . The pressed "loose water" 
from the sample was reported as an expressible moisture index (Rogers 
et al . ,  1967) . Also, total moisture in a meat sample has been deter­
mined by warm air drying (Ruff, 1970) . A third parameter which indicates 
a change in water-holding capacity is percent cooking loss. 
Water is held by meat through capillary condensation, absorption 
on the hydrophilic groups of the protein chains, and by condensation of 
randomly oriented water molecules in the hydrated surface (Wierbicki and 
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Deatherage, 1958) . A considerable portion of the polar water molecules 
is held due to the hydrophilic characteristics of the muscle protein . 
The hydrophilic groups to which water is attracted are the ionizable 
basic and acidic groups such as in the amino acid residues arginine, 
lysine and histidine . Similarly the nonionic amino acid residues of the 
muscle protein such as cystine, cysteine, tyrosine, serine and trypto­
phan assist in holding the water in a meat sample . 
Changes in water-holding capacity have been shown to occur 
concurrently with changes in muscle protein during heating . In report­
ing the biochemistry of meat hydration, Hamm (1959) indicated that the 
steric effect o{ the muscle proteins serves a role in hydration . Water­
holding capacity tends to change with a change in the protein molecule 
conformation . Generally, a decrease in WHC is initiated at 30° C with 
the possible unfolding of the protein molecule and formation of a 
tighter closer structure through new cross-linkages (Hamm, 1960). The 
greatest rate of decrease occurs between 40 and 50° C. Reduction in 
water-holding Japacity increases at a slower rate up to the highest 
temperature of 80° C .  Conj unctional with these temperature changes is a 
decrease in the hydrophilic acidic groups . The marked change in hydra­
tion of the meat might be attributable to a decrease in carboxyl groups 
rather than new stable cross-linkages .  The decreased hydration from 
45 to 60°C indicates that thermal action has decreased the available 
polar groups and possibly caused formation of new relatively stable 
cross-linkages . With a slight decrease in WHC from 6 0  to 80° C there 
was a further decrease in polar groups . 
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Reports of moisture loss during heating of a muscle and/or muscle 
system are plentiful. Sanderson and Vail (1963) observed that end point 
temperatures of 140 , 158 and 170 °F yielded highly significant lower 
mean percent press fluid values of 54. 0, 45 .2 and 36.4 (percent of 
cooked muscle) respectively, for oven-cooked beef. Tube-cooked beef 
had mean press fluid values of 58 . 0, 4 1 , 6, and 33. 0 for the end point · 
temperatures of 140 , 158 and 176 °F. In a study of broiled rib pork · 
chops, percent total moisture decreased and cooking loss increased as 
end point increased from 155 to 170 to 185 °F (Holmes et al. , 1966) . 
These results were indicative of decreased water-holding capacity with 
increased end point temperatures. Rogers et al . ( 1967) determined that 
total moisture and expressible moisture indexes decreased for both the 
pectoral major and semimembranosus turkey muscles with increasing tem­
peratures from 25 to 65°C .  Another study indicated a significant 
change in total moisture content of pectoralis maj or muscle in turkey 
occurred with increase in end point temperature from 165 to 175 °F 
(Hoke et al. , 1968). No change in moisture occurred with additional 
heating to 185 °F .  Total moisture decreased significantly with each 
increase in end point temperature to which the gluteus primus turkey 
muscle was heated . Similar results were foWld in this same study with 
press fluid yields. 
E!!· Discussion of pH as a separate entity is difficult in that 
this parameter has been related to other measurable properties of pro­
tein denaturation . For example, pH has been shown to enhance the rate 
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and/or amount of thermal denaturation (Bendall, 1964) . In turn, thermal 
denaturation has been shown to affect the ultimate pH . A general 
increase in pH of meat to which heat has been applied is primarily a 
reflection of changes which have occurred in the muscle protein molecule . 
The pH changes that occur are attributable to either charge 
changes on the amino acid residues or to conformational changes of the 
myofibrillar proteins and/or intra- and intermolecular cross-bonding 
(Hamm, . 1966). Concurrently, muscle protein shows increased dissociation · 
'i 
of acidic groups and decreased dissociation of basic groups . Conse­
quently, this protein change shifts the isoelectric point to a higher 
pH value . This effect varies with the type of meat (Hanun, 1960) . In 
beef the pH sharply increased between 40 and 50° C .  At 50-55 °C new 
formation of cros s-links caused a small decrease in pH. Subsequent 
elevation occurred with heating from 55  to 80° C .  
Several studies have shown that pH of meat increases during 
heating. Pork rib, loin and shoulder chops tended to show increased pH 
with elevation of end point temperatures (Ho lmes et al . ,  1 966) . Increase 
of pH with accession in temperature was observed during the heating of 
pectoralis maj or and semimembranosus turkey muscle (Rogers et al . ,  1967) . 
Through heat action, each of the 10° increments from 25 to 65 ° C evi­
denced an increase of 0. 1 1  pH units and 0 . 26 pH units, respectively, for 
the light and dark muscles . Using ground pectoralis maj or muscles, 
Williams (1 970) observed that as samples were heated from an initial 
temperature of 7-9° C to an end point of 6 1-64° C, pH increased about 
0 . 08 unit . 
Sample. Charactt,ristics and Thermal Prop,erties 
It generally .is agreed · that thermal properties are affected by 
the composition o� the meat (Awbery and . Griffiths, 1933; Poppendie� 
et al. , 1�66 ; �ill et al. , 19�7; Qashou et al. , 1�70) . However, there 
is . not agreement as to the nature of the effect. 
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Qashou et al. (1970), using the. line .. source technique, noted tha't; 
ground beef with a .higher moisture and lower fat content had higher con .. 
ductivity than a conversely comp0sed sample (see Table 1 ,  page 9). Com­
parison of ground · beef versus ground chuck indicat�d that chuck h,d 
slight�y higher conductivity values than beef. This was attributed. to 
t�e lower fat anc;l higher moisture conten.t of the ground chuck. These 
seemingly contradictory results likely are attributa�le tq experiment 
V$riation .. Increased moisture content in beef samples correspond with 
increased thermal c9nductivity v�lues in a study reperteq by Hi 11  et al. 
(1967). Using a Cenco-Fitch apparatus , Wa�ter� and May (1963) det�r­
mined that thermal conductiv�ty values for pectoralis major muscles for 
broilers or hens were not affected by the percent · fa1;, percent moisture , 
or _weight . Equatipns . 4  and · S presented ·by _ Earle (1966) emphasize the 
probable relat�onship between total moisture content (percent) (TM) and 
thermal . conductiyity . Earle reported -that the 
Equation 4: K = 0 . 32 TM/100 + 0. 15 (100 - TM)/100 Btu/ft hr °F 
Equation 5 :  K = 0. 48 TM/100 + 0. 22 (100 - TM)/100 kcal/m hr °C . 
above represents cqnsiderable oversimplification and ; should be used with 
c�ution . 
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Conversely, Poppendiek et al . ( 1966) noted that it was not 
always possible to correlate water content and conductivity. The degree 
of correlation apparently was influenced by the type of tissue . Con­
ductivity values were not linearly correlated with moisture when bovine 
muscle, kidney, brain, liver, lung, fat and chicken skin were analyzed 
using a modified parallel plate method o Chicken skin at 0. 206 Btu/hr 
ft °F and bovine lung at 0 . 163 Btu/hr ft °F, particularly were unrelated 
to moisture content . 
A difference in source of meat and resulting conductivity values 
was supported by work reported by Lentz (196l) e Using a modified paral­
lel plate method, a difference in conductivity values among turkey, pork, 
codfish and beef was noted at temperatures below -15 ° C. Walters and May 
(1963) reported a significant difference (P < 0,01) between thermal con­
ductivity values of the pectoralis maj or muscle of broilers and . of hens o 
The effect of changes in the sample during evaluation of thermal 
properties particularly during increased temperatures has not been 
extensively investigated .  Thermal conductivity values were shown to be 
influenced by weight loss in meat cooked within the 80 to 150°F range 
(Hill et al . ,  1967) . The weight loss was due to decreases in moisture 
and fat . Using a modified plate method, Melgar (1970) observed an 
increase in liberation of meat j uices and a decrease in thermal conduc­
tivity from 20 to 95 ° C .  Therefore as moisture content decreased, 
thermal conductivity also decreased . However·, the effect of moisture 
content upon a muscle system that has undergone some protein denaturation 
is not necessarily analogous to that in a system where the protein is 
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in a .native state . Additionally, the temperature and physical state . of 
wa�er also affect conductivity, valu.es (Powell, 1958). Miller and 
Sunderland (1963) postulated tha� freezing of beef tissue altered the 
structural_ cha�acteris�ics of , the sample and thus affected the conduc­
tivity va�ues . 
A - review of various differential thermal analysis studies yields 
some indication of possible effects . of change - in th� the�al properties 
of the sample during h�ating. A ; comparison of , thermograms obtai�ed by 
differe�tial thermal analysis indicated that each of six proteins com­
pared had an endotherm with a characteristic shape (Steim, 1965). The 
st�dy indicated . that heat denaturation of protei� and the effect of a . 
nwnber of factors c�n be crittcally investigated by differential thermal 
analysis (DTA) . Karmas a�d Di�arco (1970) used OTA to show the e;fect 
of heat upon the protein in both model and intac� protein cont�ining food 
sy�tems. Berg and Egunov (1970) postulated t�at peak areas obta�ned by 
DTA were affected by the thermal conductivity of the sample .  
CHAPTER III 
. PROCEDURE 
Turkey pectoral muscles were used to study the relationship of 
thermal conductivity and associated properties. Grolll'l.d pectoralis maj or 
and minor muscles were heated to end point temperatures at 9
° intervals 
between 77 and 1 85° F with two holding times (O or 15 minutes) . Using 
a completely random block experimental design with 2 replications for 
all combinations of the two variables (end point temperature, holding 
time) , data were collected for calculation of thermal conductivity, the 
· expressible moisture index, total moisture, cooking loss, .protein 
extractability, and pH as affected by the applied treatment . Several of 
these . determinations were used to indicate changes in water-holding 
capacity (cooking loss, total moisture, expressible moisture index) or 
protein solubility (protein extractability) .  Uniformity between lots 
was determined by analysis of representative raw samp les from each lot 
for determination of total moisture, lipid content, protein content and . 
solubility, and pH .  
I .  SAMPLE 
Thirty fresh grade A Nicholas tom turkeys (25 weeks old) of known . 
history and similar backgrolll'l.d were obtained from Wampler Foods, Inc . , , 
Hinton , Virginia . T�rkeys were slaughtered and dressed by commercial 
methods . The birds (24 to 26 pounds ) were aged 12 to 16 hours in 
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chipped ice at 37 ° F or less, placed in plastic bags which then were 
placed in wooden crates containing chipped ice. The turkeys were trans­
ported to Knoxville, Tennessee, in approximately 8 hours. The turkeys 
were · stored in chipped ice (35 ° to ± 4° F) for an additional 12 to 20 
hours before muscles were dissected and ground . 
Ten turkeys were randomly assigned to each of three lots. The 
pectoralis major and minor muscles were removed and fat and connective 
tissue for each muscle were minimized . The muscles were cut into one­
inch chunks and mixed for homogeneity within each lot. Muscle tempera­
t�tes during dissection, lot mixing, and grinding were approximately 
50° F. Each lot of pectoralis maj or and minor muscle chunks was grotmd 
through a Hobart Grinder (Model 4722) at low speed using four grinding 
plates (1 cm, 0. 5 cm, 0. 25 cm and 0 . 2 5  cm consecutively). During the 
final grind, the turkey was packaged (0 . 0007 gauge aluminum foil) alter­
nately in approximately 60 or 180 gram samples. Packaged samples were · 
frozen in institution freezers (0 °F) . When frozen, packages were 
grouped as to lot in plastic bags and stored (0 °F) for approximately 
four to six months prior to use. 
II. LINE-SOURCE APPARATUS AND PROCEDURE 
The apparatus design and associated equipment shown in Figure 1 
are a modification of the transient line-source technique reported by 
Qashou et al . (1970) . The collection of data for calculation of thermal 
properties was done using water-jacketed infinite cylinders and necessary 
associated wiring (Figures 2 and 3) . The pyrex cylinder was 2 .8 cm in 
Figure 1. Thermal conductivity apparatus and accessories. 
Parts list in Appendix, Table 13, page 80. 
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Figure 2 .  Heat cylinder . 
Parts list in Appendix, Table 13, page 80 . 
AC 
POWER 
SUPPLY 
A 
K 
I J 
Figure 3 .  E lectr�cal schematic of thermal conc;lucti.vi ty apparatus . 
Parts List _in Appendix , Tao le  1 3 ,  page 80) . 
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diameter with the length greater than twice this diameter. Each end of 
the cylinder contained a plastic fitted disk through which the two 
thennocouples and one resistance wire were str\.lllg . The wires were main-
· tained under tension during operation by use of springs and a j ury rig 
set up. A closed system was completed by stoppering the cylinder with · 
tight fitting vertically split black rubber stoppers . 
Thermocouple wires were ma.de of 30 gauge copper and constantan 
wire j oined and soldered (high resin solder : 60 percent tin, 40 percent 
lead) as a vertical junction. Thermocouples were calibrated before 
installation by use of boiling water and then recalibrated against a 
known standard after installation . A 24 point Honeywell Electronik 16 
recording potentiometer was used on selected j unctions to chart the 
temperature of meat samples at designated intervals . Voltage and 
amperes ( I) of the chromel-C resistance wire (ohms : 6. 54 per foot) were 
determined with a Simpson Model 157 voltmeter (0-25 AC volts) and a 
General Electric AC -ammeter (2/5/10/20 amperes), respectively . Total 
voltage along the resistance wire was controlled and maintained with a 
rheostat. An electrical schematic of apparatus and wiring is shown in 
Figure 3.  
Water at the selected experiment temperatures (± 0 . 5 °C) was 
pumped through the cylinder using a Sears Submersible Pump (Model 2 77 1 1; 
approximately 140 gallons per hour). Water bath temperatures identical 
to the predetermined end point temperatures An meat samples were main­
tained with a Model 83 Precision Scientific Prooucts water bath . 
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aach packaged turkey sample was defrosted at approximately 5°C 
for 36 hours . Upon packing the sample into the cylinder, sample weight 
and height were recorded. This packed sample, whether heated or not, . 
will henceforth be termed "heat cylinder" .  From an initial temperature 
of 77° ± l. 5 °F, samples were heated to the selected end point · tempera­
tures. When· the end point temperature became constant throughout the 
sample and had been held for the appropriate holding time, the pre�et 
voltage of approximately 5 volts was applied to the resistance wire , 
Temperature increase, voltage, and amperes were recorded for 2 minutes. 
At the end of the 2 minute data collection period, voltage was switched 
off and the cooling vat used to supply circulating water in order to 
return the sample to the initial temperature of 77° F .  During heating 
and cooling of the sample appropriate temperatures and times were also 
recorded. Detailed procedure for operation of line�source apparatus is 
reported in the Appendix (page 81). �epresentative turkey samples for 
each treatment and replication were removed from the heated cylinder for 
determination of protein solubility, expressible moisture index, total 
moisture, and pH (see Figure 4) . 
U L  DATA ANALYSIS BY MATHEMATICAL AND STATISTICAL METHODS 
Two curves, the heating curve and the TC heat curve, were 
recorded per replication. The heating curve designates the temperatures 
during the time period from the initial temperature of 77° F through to 
the appropriate end point temperature exclusive of the holding time. 
The term "TC heat curve" designates the temperature change from the 
- - .. pH 
---Total Moist�re 
- ":'..-Expressible Moisture Inde� 
---Protein . Analysis 
---Expressible Moisture Index 
� --Total Moisture 
--.. pH 
Figure 4. Sampling scheme for proteiij denaturation determination. 
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appropriate end point temperature throughout the operation of the data 
collection time , Temperature rise was standardized by using the differ­
ence of temperature rise subtracted from the initial temperature (time 
equals 0.0) for each curve. The curves were defined in terms of degree 
and best-fit polynomial (Beadle , 1971). An updated version of the GECAP 
(V-I, 9� 15- 71) program by the IBM 360/65 computer system calculated both 
degree and coefficient of the polynomial. 
Three methods were used to calculate thermal conductivity. Two 
methods involved use of the line-source technique. These methods are 
designated as the Cowling method and the Dickerson method. Data obtained 
from temperature-time curves recorded during operation of the line-source 
apparatus were used . Thermal conductivity values also were calculated 
from percent total moisture. The calculated best-fit temperatures were 
used with the Cowling and Dickerson methods. The GECAP program was used 
for the temperature data of the TC heat curve from 0 . 0  to 2.0 minutes 
and from 0.0 to 1.5 minutes for all replications. Selected end point 
temperatures and holding times were used to define polynomial degree 
when analyzed ori temperatures conj unctional with times from 0 . 0 to 1 . 0  
or 0 . 0  to 0 . 75 minutes. In this report the curves from which calculated 
temperatures were obtained will be defined by the absolute value of 
number of minutes, i. e. , 0. 0 to 1 . 5. 
The IBM 360/65 computer system was used to solve for diffusivity 
and calculate conductivity for the Cowling method (Cowling , 1972). The 
detailed FORTRAN program is represented in the Appendix (page 74) ,  Data 
input consisted of calculated curve-fitted temperatures and associated 
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times . radius (R) from heat source to inner thermocouple . and heat 
output (Q). Heat input values were calculated according to Equation 6. 
In this report. unless otherwise indicated calculated temperatures 
(V2/Vl) conj unctional to 15  and 90 (T2/Tl) seconds were used for 
Equation 6 :  Q � 
(I
2 x 3 . 413 x 252, 
30.5 . } 
3600 cal/cm/sec 
calculation in both the Cowling and the Dickerson methods. Thermal 
conductivity was expressed in terms of cal/sec cm °F in the Cowling 
method. 1be Dickerson method was used to calculate thermal conductivity 
according to �quation 2 (refer to page 7) (Dickerson and Read. 1968) . 
Mathematical manipulations were done by use of the Olivetti Programma 
101. Conductivity values were expressed in terms of Btu/hr ft °F. 
Thermal conductivity values on the bas is of total moistures (Earle . 
1966) were calculated according to Equation 4 (refer to page 2 2) and 
was expressed in terms of Btu/hr ft °F. Average total moisture (percent) 
values for each end point temperature and holding time combination were 
used . 
Analysis of variance and the t-test for paired comparisons were · 
calculated on selected data (Steel and Torrie . 1960). An Olivetti Pro­
gramma 101 was used for the appropriate mathematical manipulations . 
IV . DETERMINATION OF MEASURABLE PROPERTIES 
Protein fractions were extracted by modification of the procedure 
by Hegarty et al. (1963) , A detailed schematic (Figure s .  page 87) and 
discussion of procedure used may be found in the Appendix. 
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For pH determination two 1 g samples of meat were obtained from 
the ground pectoral muscle (Figure 4 ,  page · 32) , After maceration of the 
2 g sample in 25 ml water using the VirTis 45 homogenizer, the pH was 
determined with · IL pH meter. 
For determination of percent total moisture, duplicate 6 ± 0. 5 g 
turkey samples from the approximate center of the interior of the heat 
cylinder were weighed into preweighed aluminum foil pans and dried uncov­
ered to constant weight in an air oven at 100°C (Ruff, 1970) . Weighed 
pans were cooled for 30 minutes in a desiccator containing a dessicant 
and reweighed , Total moisture was calculated by Equation 7. 
Equation 7: Total moisture = initial weif
ht - final weight 
init al weight X 100 
For determination of the expressible moisture index, triplicate 
300 ± 20 mg portions of turkey were weighed into polyethylene sample 
containers . The three samples for each replication were from an area 
in close proximity to the thermocouple junction that recorded TC heat 
curve during heating and cooling (see Figure 4 ) . After the triplicate 
samples were weighed, each was placed in the center of a piece of 
Whatman No . 1 filter paper (7. 0  cm) (Roger's et al. ., 1967 ) .  The filter 
paper and first sample was placed on a Plexiglas plate, and covered with 
a second Plexiglas plate . The second sample was placed on filter paper 
and plate similarly o The process was repeated for the third sample 
l.llltil a stack contained 3 samples and filter paper and 4 Plexiglas 
plates . On a Harco hydraulic press 15 psig (unit pressure = t��� ;�:�
e 
5500 lb ' . s . h d 1 1 ·  d t th . 1 = 36 , 1 using a minute sc e u e was app ie o e previous y sq in 
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described st�ck. Upon completion of �he 5 minute schedule, pressure was 
removed and the pressed meat an4 expressed j uice boundaries were traced. 
The meat sample area and meat plus j uice area were determined with a. 
compensating polar planimeter , Equation ,8 was - used . to calculate the 
expressibl� moistur� index (EMI) . 
Equation 8 :  EMI • . . _meat , ar�a� Cfl:
2 
meat + juice area, cm ... meat area, c�2 
Initial weight of sample placed in the .heat cylinder was obtained 
and recorded . Upon completion of each experimen�al test period for all 
end point temperature and hoiding time combinations, samples were 
dra�ned for · approximately . 5 minutes.. The resulting sample weight (final 
weight) was determined. Equation 9 was used to calculate percent cook­
ing loss for each replica�ion. 
Equation 9 :  Cooking loss= 
initial weifht ... final weight x 100 initial weight . 
Quantitative lipid a�alyses were done on raw .ground muscle 
samples from each lot (Ostrander and Dugan , 1961) .  
CHAPTER IV 
RESULTS AND D ISCUSS ION 
The li�e-source technique offers advantages of short duration of 
transient test time, small temperature change, . no test specimen dimension 
requirements, and cQncurrent determination of thermal diffusivity 
(Qashou et al . ,  1970).  Apparatus, method of operation, method of mathe­
matical calculations and sample behavior influence the precision with 
which thermal characteristics can be defined by use of the modified 
line-source technique. The need to develop either a procedure or an 
apparatus to mjnimize meat sample phase change or to develop a mathe­
matical model to accurately account for this phase change are evidenced 
from this study .  Accuracy, sensitivity and precision of the various 
recording instruments must be maximized. 
I .  THERMAL CONDUCTIVITY VALUES 
Thennal conductivity values were calculated according to the 
Cowling and the Dickerson methods with two different sets of curve­
fitted data for each holding time and end point temperature combination . 
The results of these variables are presented in Table 2 and tend to 
indicate the influence of method of calculation of K, mode of calcu lation 
of curve-fitted TC heat curve data (O . O  to 2 . 0  or o . o  to 1 , 5) and holding 
time . 
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TABLE 2 
THERMAL CONDOCTIVITY VALUES FOR HEAT TREATED GROUND TURKEY PECTORAL MUSCLES8 'b 
End Point 
op 
77 
86 
95 
104 
1 13  
122 
131 
140 
149 
158  
167 
1 76 
1 85 
Cowlins1 
0 . 0  to 2 . 0  
0 
1 . 2080 
1 . 2 844 
0 . 4468 
1 . 1 766 
0 . 7944 
0 . 9151 
0 . 5820 
0 . 6752 
0. 7632 
1 , 1 243 
0 . 6140 
0 . 4740 
0 . 8381 
1 .  02 70 
2 . 3295 
1 . 5456 
1 . 3366 
1 . 7968 
1 .  0174 
o .  934 7 
0 . 7474 
0 . 7756 
1 , 2709 
1 .  4111  
1 .  706 1 
0 . 9397 
15 
1 . 4489 
1 .  3823 
0 . 6524 
0 . 5444 
o. 7135 
0 . 6258 
1 . 8342 
0 . 6349 
1 . 1856 
0 . 8935 
0 . 9531 
0 . 6982 
0 . 8506 
1 .  0463 
0 . 8505 
1 . 0324 
0 . 7003 
1 .  0667 
0 . 9940 
1 . 144 1 
1 . 5635 
0 . 9977 
0 . 9511  
1 .  3520 
1 . 1708 
0 . 9570 
cal/sec cm °Fc Dickerson1 
Curve-Fitted 
0 . 0  to 1 , 5  0 . 0 t o  2 . 0  
Holdin1 Tiae
1 
Nin . 
0 15 0 15 
1. 5610 1 . 6476 0 . 3960 o. 3047 
1 . 3415 1 . 5988 0 . 3040 0 . 3086 
0 . 4858 0 . 5545 0 . 2593 0 . 2 725 
1 . 3890 0 . 5624 0 . 2 740 0 , 3414 
1 . 0728 0 . 5635 0 . 3521  0 . 2609 
1 .  2658 0 . 6835 0 . 3422 0 . 3466 
0 . 6578 2 . 1322 0 . 3 178 0 . 3385 
o. 5980 0 . 7018 0 . 2685 0 , 3350 
o. 7204 2 . 1577 0 . 360 1 0 . 3500 
1. 2746 1 . 1619 0 . 3351 0 . 3586 
0 , 7830 1 .  2860 0 . 3166 0 . 4364 
0 . 3856 0 . 8684 0 . 2987 0 . 3437 
0 . 9114 1 . 0972 0 . 3401 0 . 3663 
0 . 9910 1. 5 144 o. 3572 0 . 3674 
2 . 8297 0 . 6387 0 , 3324 0 . 3241 
3 . 7612 0 , 8484 0 . 3747 0 . 3140 
1 . 3709 0 . 6341 0 . 2906 0 . 3899 
2 . 2684 0 . 8752 0 . 3386 0 . 2892 
1 . 8581 0 . 8566 0 . 3583 0 , 3123 
1 . 1556 0 . 9633 0 . 3666 0 . 3036 
0 . 8285 2 . 4514 0 . 3535 0 . 4008 
0 . 8285 0 . 8996 0 . 352 1 0 . 3694 
1 . 4229 1 .  2923 0 . 2964 0 . 31 84 
1 . 3345 1 . 7852 0 . 3347 0 . 3469 
1 . 6860 1 . 6654 0 . 3552 0 . 4447 
0 . 9877 1 . 3076 0 . 4 142 0 . 3 774 
"Values for each replication are shown for each treatment . 
Btu/hr ft °F  
0 .0  to 1 .  5 
0 15 
0 . 3535 o. 2 792 
0 . 2857 0 . 2788 
0 . 2653 0 . 3285 
0 . 2418 0 . 3297  
0 . 2969 0 . 2 805 
0 . 2915 0 , 364 1 
o .  3142 0 . 3065 
0 . 3049 0 . 3364 
0 . 3680 o .  2871 
0 . 2947 0 . 2990 
0 . 2 580 0 , 3651 
0 . 3283 0 . 2 846 
0 . 3479 0 . 3169 
0 . 3632 0 . 3134 
0 . 3068 0 . 3504 
0. 3061 0 . 3331 
o. 2 768 0 . 3588 
0 . 2997 o .  2876 
0 . 2824 0 . 3536 
0 , 3136 0 . 3436 
0 . 3645 0 . 3646 
0 . 3700 0 . 4079 
0 . 2668 0 . 2678 
0 . 3363 0 . 2905 
0 . 3572 0 . 3688 
0 . 4385 0 . 3087 
bSianificant (P < 0 . 05) effect of temperature on thermal conductivity values at O minute 
but not 15 minute holding time for al l methods of calculation . 
CK x 1 0-3 • 
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The effect of end point temperature and holding time was similar 
for the Cowling and Dickerson methods. Thermal conducttvity values were 
affected (P < 0. 05) by end point temperature at the O minute holding 
time but not at the 15 minute holding time. CQmparison of the holding 
time once the sample had reached end point temperature indicated no 
effect (P < 0. 05) of the two times (0 and 15 minutes) upon conductivity 
values. Thermal conductivity values calculated according to both the 
Cowling and the Dickerson methods in the current study are within the 
same range of values reported by Poppendiek et al. (1966). This conclu­
sion is relatively easy to arrive at as calculations of Poppendiek et al. 
were expressed in terms of Btu/hr ft °F and cal/cm sec °F x 1 0-3. For 
example, the average conductivity of bovine muscle over a range of 
75° - 100 °F was 0 .305 Btu/hr ft °F or l e 261 cal/cm sec QC  X 10-3. Thermal 
conductivity values for turkey breast· and leg muscles reported by Lentz 
(1961) are different from those calculated by the Dickerson method in 
this study . In addition to investigating muscle type and temperature, 
Lentz also investigated heat flow patterns. Depending upon the patterns, 
conductivity values at 39 °F were 0.290 to 0.302 and at 23 ° F were 0 . 641  
to O e798 Btu/hr ft ° F. However, comparison of these values with those 
determined in the current study is difficult in that the temperatures 
are considerably lower and thus sample characteristics are not similar. 
Few studies report conductivity values of composition,lly defined 
meat samples at end point temperatures comparable to those used in this 
study. Fewer studies yet use the line-source technique to obtain these 
values. However, Qashou et al. (1970) used the line-source technique 
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at temperatures ranging fr�m 37 to 43 °F to determine K values of ground 
beef and chuck . Conductivity values calculated by the Dickerson method 
in the present study were SO to 100 percent higher than these reported 
by Qashou et al . (1970) . The meat used had approximately 5 percent less 
moisture and 11  percent higher fat than the t�rkey meat used in t�is 
study. Met�od of calculation of conductivity also was dissimi�ar in the 
Qashou et al, (1970) investigation. O�her comparisons of the�al conduc� 
tivity in this study with values reperted in the literature . becomes. 
increasingly difficult . .  Results shown in Table 1 (page 9) indicate that 
variations occur in the samples used as well as i� the techniques for 
collection and calculation of d•ta and the terms in which they are . 
expressed. Th�s, any true comparison is almost impossible. 
The method of .manipulation and calculation of · data influences the 
conductivity v�lues. A comparison of thermal properties in Table 2 
{page 38) illustrates the effect _of the curve-fitted approach for O. O tq 
2.0 minutes and for 0 .0 to 1.5 minutes. In all cases, data . collected 
for the TC heat curve was for 2 . 0 m�nutes which included t�e recording 
of 9 temperatures . However , tqe application of recorded times and tem­
peratures to the Generalized Curve-fitting and Plotting Program (GECAP) 
(Beadle , 19?1) was varied and included 2.0, l � S ,  1.0: and 0.75 minutes 
with 9, 7, 5, and 4 temperatures, respectively . 
The .increase . in te�perature during the collection of TC heat 
curve data was not . only depe�den� on time but also on other unknown fac- . 
tors , as shown by �est-fit cal�ulated temperatures . These fac�ors . likely 
caused - vari�tion in the ease of . heat transfer and thus deviation from 
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the assumption used for this transient method of determining thermal 
conductivity. A basic requisite for the methods used in calculation of 
thermal conductivity is that no phase change occurs during data 
collection. 
Comparison of the mean K values of the end point temperatures and 
holding time indic�tes that data curve-fitted at 0.0 to 2.0 minutes were 
about 6 percent lower than those curve-fitted at 0. 0 to 1.5 minutes in 
the Dickerson method and about 19 percent higher in the Cowling method , 
Analogous results were shown with thermal diffusivity values (Appendix, 
Table 14, page 83) .  However, there is considerable fluctuation in effect 
of the curve-fitted temperatures used in the calculations. A comparison 
of K values (Table 2, page 38) from the 0. 0 to 2. 0 and 0. 0 to 1. 5 curve­
fitted calculations with the Cowling method indicates that at 77° F, 
0 minutes holding time, for the first replication the K values were 
about 2 3  percent higher when values from the 0. 0 to 1.5 curve-fitted 
temperatures were used; whereas, with the second replication the eleva­
tion was only about 4 percent. K values for the two replications at 
0 minutes holding time and 77°F determined according to the Dickerson 
method were about 8 percent higher for the 0.0 to 1 .5 than for the 0 .0 
to 2. 0 curve-fitted temperatures. Using the identical treatment it was 
determin�d ihat ,further shortening of the span of temperatures, that is, 
to 0. 0 to ·l . O  or 0 . 0 to 0. 75 minutes did not follow the previously cited 
.II' 
trend. For instance, for replication 1 and 2 at �he 77° F end point 
:�·· 
temperature and ·· O ,minutes holding time (Table 3) the Dickerson method 
\'It ' ' 
indicated that ·a :·difference of about 9 percent and O percent occurred; 
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TABLE 3 
EFFECT OF VARIATI� WITiiIN METIIOD OF CALCULATIOO UPON THERMAL COODUCTIVITY VALUES 
End Holding 
Poin�, Time, 
Variation •p llin R!Elication Method Curve-Pitted 11ler .. 1 Conducti vi ti 
Reaoval of Selected 0 . 0  to 1 . 5  
Ti••, .tn. 
o . o  86 0 1 Dickerson 0 . 0  to 1 . 5  
0 . 25,  1 ,50 86 0 1 Dickerson 0. 0 to 1 . 5  
0 . 25,  o. 75, 1 . 50 86 0 1 Dickerson 0. 0 to 1 . 5  
0,0 86 0 2 Dickerson 0 . 0  to 1 , 5  
0 .25,  1,50 86 0 2 Dickerson 0,0 to 1 . 5  
0. 25, o. 75 , 1. 50 86 0 2 Dickerson 0 . 0  to 1. 5 
Variation in Cu:rve-Pit8 77 0 Dickerson 0 , 0  to 1 . 5  
Cowlina 
77 0 Dickerson 0,0 to 1,0 
Cowlina 
77 0 Dickerson 0,0 to 0,75 
Cowlina 
77 0 2 Dickerson 0 . 0  to 1. 5 
Cowlina 
77 0 2 Dickerson 0. 0 to 1 . 0  
Cowlina 
77 0 2 Dickerson o . o  to O. 75 
Cowlina 
77 15 Dickerson 0 , 0  to 1 . 5  
Cowlina 
77 15 Dickerson 0 , 0  to 1 . 0  
Cowling 
77 15 Dickerson 0.0 to O. 75 
Cowlina 
77 15 2 Dickerson 0,0 to 1 . 5  
Cowlina 
77 15 2 Dickerson 0,0 to 1. 0 
Cowlina 
77 15 2 Dickerson 0. 0 to 0 . 75 
Cowlina 
Chana• in Te..,.ratureb 
Increase O. 25 11 0 1 Dickerson 0 , 0  to 1 . 5  
Oecreue 0 . 25 77 0 1 Dickerson 0 , 0  to 1. 5 
lncr,ase 0, 25 77 0 2 Dickerson 0 ,  0 to 1. 5 
Decrease 0. 25 77 0 2 Dickerson 0. 0 to 1 . 5  
Inputc 
o. 25 , 1 . so 77 0 Dickerson 0. 0 to 1 . 5  
Cowling 
o. 75, 1 . 25 77 0 Dickerson o. o to 1 . 5  
Cowling 
0.25, 1.00 77 0 1 Dickerson o . o  to 1 . 5  
Cowling 
Chanae in Heat Input 
Increue Q 10\ 77 0 1 Cowling 0 , 0  to 2 . 0  
Decrease Q 10\ 77 0 1 Cowling 0 , 0  to 2 . 0  
•evrve-fitted temperatures associated with 1 5  and 45 seconds were used in each method. 
bo.rve-fitted temperatures associated with 30 and 90 seconds were used in each method. 
cQlrve-fittecl temperatures associated with time given were used in each method. 
O . 1558 Btu/hr ft •p 
0. 2708 Btu/hr ft •p 
0. 2 708 Btu/hr ft •p 
0, 1566 Btu/hr ft •p 
0, 1836 Btu/hr ft •p 
0 . 2136 Btu/hr ft •p  
0 . 5418 Btu/hr ft  •p  
1,5609 cal/sec ca 'P x 10· 3 
0 ,  5975 Btu/hr ft •p 
O. 8349 cal/sec cm •p x 10·3 
0 . 5975 Btu/hr ft •p 3 0 . 9883 cal/sec cm •p x 10· 
O.  4379 Btu/hr ft •p 
1 . 3415 cal/se� cm •p x 10·3 
0 . 4379 Btu/hr ft •p 
0 . 9966 cal/sec cm •p x 10·3 
0. 4378 Btu/hr ft •p 
10·3 O, 9966 cal/ sec cm •p x 
0 . 4279 Btu/hr ft •p 
10·3 1 . 6476 cal/sec cm •p x 
0. 3704 Btu/hr ft •p 
10·3 1 . 4043 cal/sec cm •p x 
O. 3704 Btu/hr ft •p 
10·3 2 .  7006 cal/sec cm •p x 
0 , 4274 Btu/hr ft •p 
10·3 1 . 5988 cal/sec cm •p x 
0 . 3608 Btu/hr ft •p 3 2,9283 cal/sec cm •p x 10· 
0. 3608 Btu/hr ft •F 
1. 4043 cal/sec cm •p x 10·3 
o. 3052 Btu/hr ft 0P 
0, 3052 Btu/hr ft •p 
0. 2823 Btu/hr ft •p 
O ,  3699 Btu/hr ft 0P 
O. 3535 Btu/hr ft 0P 
1. 5610 · cal/sec cm •p x 10·3 
0. 2499 Btu/hr ft •p 
1.1314 cal/sec cm 0P x 10·3 
0.4559 Btu/hr ft 0P 
1 .6535 cal/sec cm •p x 10·3 
1 . 7171 cal/sec cm •p x 1033 1 . 423 cal/sec cm •p x 10· 
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whereas, at the 15 minutes holding time an average difference of about 
15 percent occurred for the 2 replications with the 5 or 4 curve-fitted 
temperatures. Sources and reasons for the variations can only be con­
jecture . The results point the way to the need for more work. 
Neither method for calculation of K completely accounts for 
adjustments related to use of temperature rise as a function of thermal 
conductivity in the line-source technique with ground turkey. If both 
heat cylinder and heater wire and thermocouples remained unchanged , it 
would be necessary to obtain and use representative tempratures in a 
manner different from the curve-fit approaches. The variation in type 
t ·  
of curves, the polynomial coeffic�ents of the curves, and best- fit cal-
culated temperatures tends to indicate that there wo�ld be considerable 
advantage in using more temperatures within a shorter time period. 
This postulation may be further s·upported by data (Table 3) at the 86 °F 
end point which showed variability in K ranging from 2 to 42 · percent 
with removal of 2 or 3 of the 7 temperatures in a typical 0.0 to 1.5 
curve-fitted calculation of values by the Dickerson method . 
Comparison of the two methods , such as shown in Table 2 (page 38 ) 
would tend to indicate greater sensitivity to experimental data is 
inherent in the Cowling method of calculation of thermal properties. 
The ideal method of calculation would incorporate terms to account for 
experimental fluctuations . Concurrence with Kopelman and Pflug ( 1968) 
by this writer is underscored. Kopelman and Pflug ( 1968) indicated 
that any equation that uses data in which a change of phase or tempera­
ture dependent thermal properties are involved, causes difficulties in 
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solving the differential equation with no exact solution possible . 
Alles and Cowell (1971) determined calculations whereby data for a heating 
curve could be used to form a straight line . The use of slopes or shape 
coefficients in the calculation of - thermal properties of food systems 
has been reported (Charm, 1963) . However, it is considered that their 
use would not have solved calculation problems in this study as the 
slopes and shape are not likely a simple function of heat input and 
inherent conductivity , In order to develop the necessary equations for 
the system used , further basic knowledge must be obtained as to the 
changes which occur during the heating of meat . 
Instrument and Recording Problems 
The sensing and recording of temperatures also contributed to 
possible discrepancies in thermal conductivity . The Honeywell Electronik 
16 temperature recorder used in this study has a resolution of ± 1 °F. 
Some difficulty also was encountered in reading temperatures on the 
recording chart for use on the computer data sheets. It is possible 
for a misj udg_ment of temperature to cause some change in K from the 
original value (Table 3, page 42). Possible error attributable to 
incorrect alignment of paper on the recorder was ��imized in that 
temperature differences rather than actual temperatures were · used in 
the calculations by the Cowling and the Dickerson method . 
Amperes (I) used for calculation (Table 4) of each· of the 
thermal conductivity values fluctuated approximately 0. 1 units during 
one TC heat curve determination. Since the resistance wire length and 
voltage were identical and unchanged during the study, this ampere 
TABLE 4 
AMPERES AND DENSITY OF HEAT TREATED GROUND . 
TURKEY PECTORAL MUSCLES 
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6!!Peres Density g/ c:sa3a , 
End Point 
Q F  � 
77 0 . 700 
0 . 670 
86 0 . 702 
o .  720 
95 0 . 680 
0 . 684 
104 o .  720 
0 . 722 
1 13  o .  720 
0 . 724 
122 o .  7 1 5  
0 � 700 
131 0 . 100 
0 . 695 
140 0 . 690 
0 . 686 
149 0 . 680 
0 . 680 
158 o .  722 
0.735 
167 0 . 680 
0 . 680 
176 0 . 730 
0 . 705 
185 0 . 697 
0 . 705 
aNo . significant (P < 0 .  05) 
on density values . 
Roldin& Ti•1 Rin 
1! . · a 
0 . 689 1 . 054 
0 . 680 1 . 089 
o. 715 1 . 080 
o .  715  1. 075 
o .  720 1 . 1 34 
0 . 680 1 . 082 
0 . 705 1 .  081 
0 . 100 1 . 070 
0 . 680 1 . 083 
0 . 700 1 . 061 
O q 682 1 . 105 
o .  716 1.075 
0 . 698 1 . 073 
0 . 100 1 . 087 
0 . 735 1 . 064 
0 . 698 l q 073 
o .  710 1 . 089 
o. 710 1 . 080 
0.680 1 . 065  
0 . 730 L 068 
0 . 685 1. 068 
0 . 685 1. 084 
0.735 1 . 049 
0 . 730 1 . 066 
o .  710 1. 052 
0 . 682 1 . 050 
" 
I� 
1 . 078 
1 .  050 
1 . 137 
1 . 046 
1 . 088  
1 . 075 
1 . 1 15 
1 . 068 
1 , 077 
. 1 .  078 
1 . 061 
1 . 086 
1 . 098 
1 . 087 
1 . 058 
1 . 077 
1 . 095 
1 . 047 
1 . 045  
1 . 056 
1 .  064 '  
1 . 075 
1 . 091 
1 . 065 
1 . 077 
1 . 071 
effect of temperature or holding time 
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variation is attributable to the instnimentation and the fluctuations in 
current. Variation in amperes could cause some discrepancies in the K 
values. A 10 percent increase or decrease in heat input (Q) could cause 
a similar elevation or depression of around 8 percent when conductivity 
was calculated according to the Cowling method. 
Heat loss in this experiment was considered to be minimal . 
Insertion of thermocouples into the · inflow and outflow tubes of the heat 
cylinder indicated no decrease in temperature. Heat loss due to wiring 
also was minimal and well within instrument sensitivity. However, in 
use of 30-gauge thermocouples (copper-constantan) ,  "usk et al. ( 1964) 
indicated that there was considerable conduction error when these wires 
were used in association with a plate method. With a stretched heater 
wire, there is purported to be little error attributable to loss of heat 
(Powell, 1958) . 
Sample Influences 
Sample variation as a contributing factor to discrepancies was 
minimized in this proj ect ; however, it is postulated that error due to 
any nonhomogenity of sample is maximized by the line-source method. 
Expressible moisture index, total moisture (percent) , protein analyses, 
pH and lipid values did not significantly (P < 0. 05 ) differ among lots 
before treatment (Appendix, .Table· lS, page 84) ,  
It has been well established that directional flow will influence 
heat flow (Lentz, 1961) . For example, Triebes and King ( 1966) observed 
in a study of freeze-dried turkey, conductivity parallel to the grain 
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showed greater values than · those obtained normal to the · grain . It is 
possible that there was directional heat flow in this study since the 
heat cylinder was packed sectionally . However, such directional flow 
would · have had a random effect. Lentz (1961) indicated that it is 
important to eliminate air spaces since "such spaces may cause serious 
error." Fortunately, packing evidently was uniform and air spaces were · 
not a problem . Density values (Table 4, page 45·) shown did not vary 
significantly. 
II. PHASE CHANGE AND CONDUCTIVITY VALUES 
As previously discussed, the mathematical approaches used in 
the calculation of thermal conductivity were not completely appropriate 
during all heat treatments of the ground pectoral turkey muscle. At all 
times before initiation of the heat input and the recording of the TC 
heat curve, the sample was of uniform termperature. This uniformity of 
temperature is a basic requisite of the line-source technique for calcu� 
lation of thermal properties . Although the sample was considered as 
thermally homogeneous, it is likely that, at critical temperatures for 
protein change, it was not consistent and homogeneous in composition . 
Heat input does not only bring about heat rise but calories may be 
absorbed because of phase change, i . e. ,  primarily protein denaturation. 
Lack of consistency of K values and the characteristics of the measurable 
properties indicate that protein may cause difficulty in the calculation 
of thermal characteristics in a system analogous to that used by the 
food industry for heating meat products . 
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Although not analyzed or even greatly recognized by other workers, 
phase change problems are evidently a source of error in K values deter­
mined. In relating phase change and conductivity it becomes evident 
that protein denaturation can be minimized only by using as low a heat 
input from the heater wire over as short a time period as possible , 
Lentz ( 196 1) alluded to the possible problem of phase change. Using a 
modification of the plate method, he indicated that at below-freezing 
temperatures, a relatively small temperature differen�e was maintained 
between cold and hot plates in order to minimize changes in the composi­
tion of the sample due to differences in temperature. 
The five determinations used to characterize protein denaturation 
in this study were the expressible moisture index, cooking losses (per� 
cent) , total moisture (percent), protein extractability and pH o When 
the mea�urable properties indicating protein denaturation were studied 
in relation to the TC heat curves and conductivity values at each of the 
end point temperatures, there was evidence that phase change attribut­
able to treatment and to line-source technique occ�rred - Curve-fitted 
temperatures determined using the original TC heat curves were an 
attempt to minimize randomness, but this possibility may have introduced 
further variability in conductivity values. Although small, TC heat 
, curves had an initial temperature rise from O �O to 0. 25 minutes which 
tended to skew the curves when fitted to the polynomial . Elimination 
of this temperature j ump would result in different curve-fitted tempera­
tures and thus different thermal conductivity values. With beef sample, 
Qashou et al . ( 1970) observed a sharp increase in the initial portion 
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of the curve . It may be postulated from data in this study that phase 
change occurred during initial heat input and this caused a "case 
hardened insulation" around the wire. This increase might have been 
greater at temperatures at which protein denaturation most readily 
occurs . For example, when the slope of the first two temperatures 
within each replication was calculated a sharper increase was shown at 
86 °F than at 77 or 95 °F .  Of possible further need for investigation 
would be a correlation of magnitude of this initial jump with the type 
of TC heat curve. This initial slope for replication 2 at 86 °P and 0 
minutes holding time was unlike those of the other 3 time and tempera­
ture combinations at 86 °F .  The type of curve with both the curve-fitted 
approaches using 7 or 9 TC heat curve temperatures indicated an 
analogous fluctuation. 
The occurrence of phase change in the ground turkey is substanti- · 
ated by study of factors related to protein denaturation. This study 
indicated that conformational changes in th� protein molecule altered 
protein solubility and the water-holding capacity of the system . Water­
holding capacity (WHC) measured primarily the decrease in "loose" water . 
Denaturation of protein is mainly concerned with "loose" water rather 
than "bound" water. Thus, a decrease in WHC indicated that denaturation 
occurred with· sample heating. Protein solubility was measured primarily 
by a decrease in amount of nitrogen extractable in a buffer of low-ionic 
strength. A decrease in protein solubility has been one prime criteria 
in indicating protein denaturation (Joly, 1965) . Cooking losses, total 
moisture, expressible moisture index, pH and protein extractability 
tended to indicate increased denaturation with elevation of end point 
temperatures (fables 5, 6, and 7) . Although there tended to be some 
difference in results with holding time (0 vs. 15 minutes) these were 
not significant for any of the S parameters studied. 
Water-holding capacity of ground turkey pectoral muscles 
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decreased with increased end point temperature with the greatest change 
occurring in the temperature range of 104 to 158 ° F. 'Ibis tended to 
show possible rate and extent of protein denaturation. Cooking losses 
were affected significantly (P < 0. 0 1) by progressively higher end 
points with the greatest increase after 140 ° F. Although not signifi­
cantly influenced by holding time, the cooking losses at 15 minutes 
ex = 7.3 percent) were slightly higher than at o minutes ex = s. 7 per­
cent) holding time , Using whole turkey , Hoke et al. (1968) observed a 
significant (P < 0. 01) increase in cooking losses with · increase in end 
point temperature from 165 to 175 to 185 ° F. Total moisture (percent) 
shown in Table 3 (page 42) was significantly (P < 0.0 1) affected by 
temperature. WHC expressed by total moisture in this study gradually 
decreased from 149 to 185 ° F end point temperature . The gradual decrease 
in total moisture found in this experiment also was noted in the investi­
gation by Rogers et al. (1967). Total moisture of pectoralis major 
muscle was significantly (P < 0. 01) affected by elevated end points 
(165 to 175 to 185 �F) of cooked whole turkey carcass (Hoke et al.,  
1968). 
Study of data in Table 4, page 45, emphasizes that decreasing 
expressible moisture index and loss of water-holding capacity occurred 
End Point 
O p  
77  
86 
95 
104 
113 
122  
131 
140 
149 
158 
167 
1 76 
185 
TABLE 5 
TOTAL MOISTURE AND COOKING LOSS FOR HEAT TREATED 
GROUND TURKEY PECTORAL MUSCLES 
Total Moisture1 \
a Cookin& Loss1 
HQldin& Time1 Rin 
0 n l> 
73 ; 86 73.96 2.50 
73 . 94 73 . 69 2.86 
74.18 73 . 95 3 . 63 
74. 04 74 a l7 2 . 00 
73 . 82 73 . 71  4 . 90 · 
74 . 10 74. 10 1 .  32 
73.69 74 . 20 3.10 
73 . 91 73 . 74 2 .22  
73 . 41 73 . 72 3 . 49 
73 . 57 73 . 60 2 . 50 
73.41 73 0 30 3 .  77  
73.53 73 . 72 2 . 27 
73 . 61 73 . 22 4 . 46 
73 . 10 73.35 4 . 48 
73 . 63 74 . 01 3 . 17 
74 . 08 73 . 38 3 . 49 
73 . 54 74. 25 . 4.08 
73 . 51 73 . 10 5 . 40 
73 , 54 72 . 14 6 .30 
74 . 15 72 . 93 4 . 4 1 
72 . 60 71 . 63 9 . 45 
71 . 50 70 a 85 12 .31  
71. 21  69 . 60 15 . 25 
73 . 31 70 . 39 9.26 
70 . 09 7 1 . 35 16 . 62 
69 . 39 71.13 15 , 66 
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'b 
Jg 
1. 77 
1.41 
6 . 41 
4 . 51  
2.53 
1 , 53 
3 . 17 
3.12 
1 . 69 
2 . 91 
4 . 00 
3 . 96 
4 . 86 
4.00 
3.92 
3.55 
7 . 06 
16 . 40 
8 . 63 
8 . 37 
12 . 00 
14.50 
16 . 98 
17.48 
17 .39 
17 . 58 
a
Total moisture significantly (P < 0 . 01) affected by temperature 
at both holding times . 
bCooking loss significantly (P < 0 . 01) affected by temperature 
at both holding times . 
TABLE 6 
�XPRESSIBLE MOI STURE INDEX AND pH OF HEAT TREATED GROUND 
TURKEY PECTORAL MUSCLES 
End Point 
E�ressible  Moisture Indexa 
Ro1c!In1 Time1 Rin 
fHb 
O p  
77 
86 
95 
104 
1 1 3  
1 22  
131  
140  
149 
158  
167  
1 76 I 
1 85 
� Jg 
1 . 1478  0 . 8498 
0 . 7335 0 . 9897 
1 . 0775 0 . 9203 
0 . 8225 0 . 7087 
1 .  07t5 0 . 9058 
0 . 9569 0 . 7594 
o .  771 1 0 . 8369 
1 .  0 155 0 . 9803 
0 . 5550 0 . 622 1  
o .  55 1 1  0 . 5645 
0 . 3286 0 . 2597  
0 . 4 149 0 . 3354 
0 . 3023  0 . 2870 
0 . 2357 0 . 242 3 
o .  2.374 0 . 2038 
0 . 2 696 0 . 2043 
0 . 2014 0 . 2013  
0 . 1 861 0 . 1808 
0 . 1 682 0 . 2002 
0 . 1 574 0 . 2072 
0 . 1550 0 . 1483 
0 . 18 15  0 . 1 720 
0 . 2012 0 . 1 770 
0 . 1 575 0 . 2 501  
0 . 1878 0 . 2035 
0 . 2 230 0 . 2 270 
0 
5 . 7366 
5 . 6566 
5 , 6833 
5 . 7033 
5 . 6666 
5 . 7000 
5 .  7166 
5 . 7000 
5 . 7366  
5 . 690Q 
5 . 7400 
5 .  7266 
5 . 7966 
5 . 8066 
5 . 7800 
5 . 8366 
5 . 7733 ' 
5 . 8866 
5 . 8300 
5 . 9800 
5 . 9266 
5 . 8733 
5 . 8000 
5 . 8400 
5 . 7933 
5 . 8533  
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r� 
5 . 6' 866 
5 . 6900 
5 . 7000 
5 . 6900 
5 . 6500 
5 , 6933 
5 . 6 833 
5 . 7066 
5 .  7200 
5 . 6933 
5 .  7733 
5 , 7600 
5 . 7633  
5 . 7566 
5 . 9500 
5 . 8433 
5 . 8333 
5 . 81 33 
5 . 8766 
5 .  8433 
5 . 8266 
5 , 8766 . 
5 . 8333 
5 . 9400 
5 . 6366 
5 . 8933 
aExpres sible moisture index s ignifi cantly (P < 0. 01) affected by 
temperature at both holding times . 
b
pH significantly (P < 0 . 01)  affected by temperature at both 
holding times . 
End Point 
OF  
77 
131 
185 
TABLE 7 
NITROGEN COMPOSITION OF'- TOTAL AND EXTRACTED PROTEIN 
IN GROUND TURKEY PECTORAL MUSCLES AT 3 
SELECTED END POINT TEMPERATUREsa 
Holding Time Low-Ionic Strength 
Min Fractionb 
0 55 ,36 
63.26 
15 57.82  
39. 00 
�· 
0 40 . 90 
37 . 11 
15 41. 38 
37. 27 
0 16.97 
19 . 85 
15 19. 75 
20.' 46 
Nonprotein 
Fractionc 
2 1. 11 
21. 20 
29 . 67 
18 .19 
28. 64 
23. 54 
19. 75 
23.8 1  
22. 28 
18 .82  
19.16 
20. 25 
amg N/g tissue (dry weight basis). 
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Total 
Proteinc 
150. 71 
144 , 47 
156.86 
150 . 57 
157 . 67 
141 . 53 
152 . 65 
1 46 .59 
152.03  
137.09 
145.  7 2  
155. 41 
bLow-i.onic strength fraction significantly (P <: O .  01) affected 
by temperature at both holding times . 
cNo significant (P < 0 . 05) effect of temperature or holding time 
on nonprotein fraction or total protein values . 
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with increasing t�perature . The significant . .  (P < 0. 01) effect of 
temperature was ·most pronounced between approximately 95 and 131 ° F .  
Somewhat similar results. were reported by Hamm and Deatherage ! ( 1960) , 
They determined tha� decreased WHC begins at 95 ° · and w�s greatest 
between. 104 .and 122 °F ,  The · effect of varying end point temperature has 
been noted . Rogers et - al . (1967) noted that expressible moisture index 
decreased significantly (P = 0 . 05 )  with each 10 °C increment in tempera­
ture from 50 to 95 ° F in both the pectoralis major and semimembranosus 
turkey muscle , 
Changes in prot�in extractability (Table 7, page 53) indicate 
th� effect of heat upon the .primary and tertiary structure of the 
sarcQplasmic and myofibrillar proteins . The method used in this 
study determined the difference at 3 end point temperatures (77, 131, 
and l85 ° F) in amount of protein and nonprotein nitrogen extractable by 
a potassium phosphate buffer system of low-ionic strength (pH 7. 6, 
I =  0. 05).  Conversion of . nitrogen to amount of protein is an approxima­
tion and thus values are discussed and expressed as mg N/g of tis�ue 
(dry weight) .  Nitrogen content of . tissue on a dry weight . basis is used 
to study the relationship between protei� solubility and temperature . 
Al�hough no sign�ficant effec� of holding time was noted, a . comparis�n 
of - means indicates that the samples held , 15 minutes tended to have 
slightly less protein extractable at low ionic strength. A comparison 
of the means with the initial end point temperature - (77 ° F) indicates 
that protein extracted at low ionic strengt� was abou� 30 percent le�s 
at 131 ° F and 60 percent less at 185 ° F , end point temperature . No 
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significant effect of change in temperature was determined with total 
protein or the nonprotein fraction. Regression calculated on protein 
extractability in pork muscle was determined by Penny (1969) to account 
for 82. 4 percent of the t�tal variation in water�holding capacity. In 
the present experiment, water-holding capacity and protein extractability 
were noted to decrease with increase in temperature . Hegarty et al . 
(1963) extracted a low strength fraction with a phosphate buffer ( I = 
o . os ,  pH = 7. 6) and calculated sarcoplasmic protein by subtraction of 
the nonprotein nitrogen from the total nitrogen fractionated from the 
muscle . Thus , values obtained in this study may bo indicative of changes 
occurring in the sarcoplasmic protein . Cooking of chicken muscle to an 
internal temperature of 185 ° F decreased protein solubility about 10 per� 
cent in comparison with that for the r aw tissue in one investigation 
(Huber et al . , 1970b) . 
In this study pH values (Table 6, page 52 ) were significantly 
(P < 0 , 01) influenced by temperature and tended to increase up to 176
° F 
and then decrease slightly . Williams (1970) determined an increase in 
pH when ground turkey was heated from an initial temperature o� 7 to · . 
8°C to 62 °C. In intact pectoralis maj or turkey muscle, Rogers et al , 
(1967) noted an increase of approximately 0 . 11 unit with increase in 
temperature from 10 to 65 °C. 
Tilermal conductivity and the specific effect of the measurable 
properties indicating protein denaturation is elusive and difficult to 
define. The 5 properties in this experiment can only be ·related to 
conductivity as a possible indication of extent of protein denaturation. 
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It can be postulated that the · denaturation phenomena in the current 
experiment influenced conductivity values both by the changes in struc­
ture and composition of the muscle system as well as by the energy con­
sumption involved in conformational changes of the protein . 
Structural changes in the heated ground pectoral muscles were 
observed both by subj ective and objective evaluations . It  was noted 
that the protein appeared to become coagulated as temperature increased . 
This coagulation became extensive at approximately 167 °F and a shrinkage 
and extrusion of liquid within the sample was noted. Support of this 
change in structure is given by the progressive increase in cooking 
losses J particularly above 158
°F and decrease in expressible moisture 
index J total moisture and protein solubility . 'Ibe manner in which 
these changes influence thermal conductivity is difficult to assess .  
Other workers have indicated that loss of moisture with application of 
heat influenced thermal conductivity measurements (Hill et al .,  1967) . 
Melgar (1970) reported that conductivity of beef round decreased with 
increased temperature from 20 to 95 °C with the concurrent liberation 
of juices , These workers used an open system where juices and fat 
were drained. The current experiment had a closed system. 
Denaturation of protein is primarily an endothermic reaction 
(Scheraga et al. , 1962; Joly J 1965) . Change in protein conformation 
through the breaking of hydrogen bonds and/or the formation of hydro­
ph�bic bonds requires energy input. In the current study it can be 
pos�ulated that the protein conformational changes were influenced by 
endothermic reactions and consumption of energy , If energy was 
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consumed, the temperature rise attributed to "simple" ease of heat 
transfer would not occur. For example, at 86 °P for O minutes of holding 
time, the K decreased in value. Possibly a sudd�n initiated heat input 
along the wire caused an acceleration in fragmentation and conformational 
changes of the fibrillar proteins. 'Ihe sensitivity of the meat sample 
to denaturation around 86 ° P is supported by decreased water-holding 
capacity indicated by the expressible moisture index , A second general 
decrease in thermal conductivity occurred at 1 22°P for O holding time. 
Possibly, this could be related to an observation by Hamm (1966) that 
the greatest changes in protein denaturation occurred between 104 ° and 
140°F. 
Generally, it may be postulated that holding the sample for 15 
minutes tended to level the protein denaturing effect of heat input. 
The denaturation that occurred near the selected end .point temperature 
had time fo� the reaction to be completed . However, it is of interest 
that decrease in conductivity values occurred with both O and 15 minute 
holding time at the 176 °P end point temperature (Table 2, page 38) . 
Possibly t�J§. was due to heat input and the formation of disulfide bonds. 
The probable relationship (refer to Equation 4, page 22) between 
total moisture and thermal conductivity has been reported by Earle 
(1966) . Therefore, the calculation of K on a basis of this measurable 
property �ndicating protein denatu-ration, total moisture, was done . The 
results shown in Table 8 were · not significantly (P < 0.05) affected by 
the end point temperatures investigated. Comparison of the conductivity 
values to those obtained with the Dickerson method in this study 
TABLE 8 
1HERMAL CONDUCTIVITY (Btu/hr ft ° F) CALCULATED ON A BASIS 
OF PERCENT TOTAL MO ISTURE OF HEAT TREATED 
GROUND TURKEY PECI'ORAL MUSCLEsa,b 
End Point 
OF 0 
Holding Time, Min 
15 
7 7  
86 
95 
104 
1 13 
122 
131 
140 
149 
158 
167. 
1 76  
1 85 
0.2756 
0.2 760 
0.2098 
0. 2755 
0 . 2749 
0.2749 
0.2747 
0. 2756 
0.2750 
0.2755 
0. 2725 
o .  2 728  
0.2686 
0.2755 
0 . 2759 
0. 2 756 
0.2 758 
0 � 2752 
0.2750 
0.2746 
0 � 2 753 
0.2753 
0 .  2733 
0 .  2711  
o.· 2690 
0. 271 1  
aAverage total moisture values used for each end point . 
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bNo significant (P < 0. 05) effect of temperature on holding time 
on thermal conductivity values. 
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indicated the two approaches were not identical (P < 0. 05). It cannot 
be discerned whether the results shown are attributable to experimental 
design and effect of the variables or the method of calculating thermal 
conductivity on a basis of total moisture. 
It must be stressed that relating the endothermic reactions of 
protein denaturation to the fluctuations and variations in the current 
experiment can only be conj ecture. Little related work can be found in 
the literature � In use of the line-source technique, Qashou et al. 
(1970) indicated that larger than expected variations in K values of 
ground beef occurred o Possibly these workers were experiencing some 
of the difficulties of phase change . Differential thermal analysis 
suggested endothermic reactions with proteins did cause a variation in 
temperature differentials. Calculations in this experiment assumed 
that the rise in temperature, which occurred during data collection for 
the TC heat curve, was a direct function of thermal conductivity. Steim 
( 1965) indicated that OTA supported the presence of and traced the con­
formational changes that occurred during protein denaturation . Some of 
the TC heat curves in this study (see Appendix, Tables 10 and 1 1, pages 
72 and 73) were determined to be sigmoid shaped . Sigmoid OTA curves 
have been determined for thermal denaturation of pepsin and ovalbumin 
(Hoyer, 1967). The sigmoid curves were reported as indicative of acti­
vation energies of 39 kcal/mole and 79 kcal/mole during thermal denatura­
tion of pepsin and ovalbumin solutions, respectively. The possible 
relationship of the study by Hoyer ( 1967) and the line-source technique 
can only be conjecture . From the results obtained in the current 
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experiment , it could be postulated that thermal conductivity in a 
dynami c food system may be determined by a modification and incorporation 
of both the line-source technique and differential thermal analysis . 
CHAPTER V 
SUMMARY 
Thermal conductivity and related properties of the ground turkey 
pectoral muscles heated in 9° increments from 77  to 185 °F were studied. 
After an end point · temperature was obtained, the sample was held for 
0 or 15 minutes. The line-source .technique was the basis for development 
of the apparatus and procedure. Thermal conductivity was calculated 
directly from data or indirectly by �olving for diffusivity and then 
calculating for thermal conductivity. Water-holding capacity  (expressi� 
ble moisture index, total moisture, coo�ing loss) , protein solubility '\ 
(protein extractability) , and change in pH were studied to determine 
the possible relation between thermal conductivity and protein 
denaturation . 
The thermal conductivity values were expressed in terms of 
cal/sec cm °F or Btu/hr ft °F. With both methods of calculation, ther­
mal conductivity values were significantly affected (P < 0 . 05) by end 
point temperature at the O minute but not at the 15 minute holding time 
even though holding times per se had no significant effect . 
Several approaches and modes of calculation of the thermal 
properties suggested that conductivity values were influenced by a num­
ber of factors. Protein denaturation was postulated as a factor con­
tributing to inconsistencies in thermal value�. Significant (P < 0. 01) 
effect of temperature upon cooking loss, total moisture, and 
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6 2  
expressible moisture suggested protein denaturation . The water-holding 
capacity expressed by these determinations tended to decrease with 
increasing temperature. These changes were greatest in the end point 
temperature range of 104 to 158 ° F. Protein solubility decreased with 
increase in end point temperature from 7, to 131 to 185° F .  A protein 
fraction extracted with phosphate buffer (I = 0 . 05 , pH 7.6) decreased 
30 percent and 60 percent from an initial end point at 77 to 131 to 
185 °F, respectively. The pH was significantly (P < 0 . 01) affected by 
temperature . With all parameters, no difference was found between 
holding times. 
It can be postulated that the denaturation phenomenon in the 
current experiment influenced conductivity values both by the changes in 
structure and composition of the muscle system and by the energy consump­
tion involved in conformational changes of the protein. However, spe­
cific relationships were not defined. 
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APPENDIX 
Treataent 
77/0/1 
77/0/2 
77/15/1 
77/15/2 
86/0/1 
86/0/2 
86/15/1 
86/15/2 
95/0/1 
9S/0/2 
95/15/1 
95/lS/2 
104/0 . 1  
104/0/2 
104/15/1 
104/15/2 
113/0/1 
113/0/2 
1 13/15/1 
113/15/2 
122/0/1 
122/0/2 
122/15/1 
122/15/2 
131/0/1 
131/0/2 
131/15/1 
131/15/2 
140/0/1 
140/0/2 
140/15/1 
140/15/2 
149/0/1 
149/0/2 
149/15/1 
149/15/2 
158/0/1  
158/0/2 
158/15/1  
158/15n 
167/0/1 
167/0/2 
167/15/1 
167/15/2 
176/0/1 
176/0/2 
176/15/1 
1 76/15/2 
185/0/1 
US/0/2 
185/15/1 
1 85/15/2 
TABLE 9 
Dl!GREE AND BEST-FIT �OEFFICIENTS FOR POLYNOMIALS USING CASES CONSISTING OF DATA 
FROM HEATING PHASE OF GROUND 'IlJRKEY 
Dell'ee 
1 
1 
1 
1 
1 
1 
1 
1 
3 
3 
2 
5 
2 
2 
2 
2 
2 
2 
2 
2 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Coefficients for Polynomial 
o .o  
0 . 0  
0 . 0  
0. 0 + 0 . 5000T 
-0. 7636 + 0 . 9786T 
-0. 3857 + 0 , 9149T 
0 . 5956 + 1 . 0071T 
-0 . 4118 + 0 . 7110T 
- 1 . 0769 + 1 . 9630T + 0 . 0459� -
-1 . 1426 + 1 . 5448T + 0 . 1081 -
-1 . 6910 + 2 . 6722T - 0 . 0848T� 
0 , 1175 - 0 . 7554T + 1 , 0720T -
- 3 . 3255 + 3 . 5535T - 0 , 1093� 
-2 , 8965 + 3 . 3498T - 0 , 1083T
2 - 2 , 7782 + 3 . 8322T - 0 , 1 261T
2 -2 , 9088 + 3 , 7130T - 0 . 1169T 
-4 . 0980 + 4 . 7526T - 0 . 1446� 
-3 . 8820 + 5 . 1296T - 0 . 1705T
2 -3 . 1210 + 5 . 0395T - 0 . 1614T
2 - 3 . 7071 + 4 . 6955T - 0 , 1433T 
- 1 . 2718 + 0 . 9803T + 0 . 8313� -
-4. 5756 + 5 . 8739T - 0 . 180� 
2 - 2 . 68.93 + 6 . 1917T - 0 . 1641T 
-3 . 0913 + 5 . 3322T - 0. 1451,j,2 
2 -5 . 3875 + 7 . 2719T - 0 , 2220T
2 - 5 .0726 + 7 . 4850T - 0 , 2261T
2 -6. 3731 + 7 . 0807T - 0 , 2114T
2 - 5 . 9733 + 7 . 9279T - 0 . 2624T 
-4 . 0122 + 7 . 4364T - 0 . 2028� 
-5 . 2338 + 7 . 7022T - 0 . 2170T
2 -3, 0356 + 7 . 2560T - 0 . 1926� 
-3 . 6956 + 7 . 0402T - 0 , 1875 
-7 . 8358 + 9 . 8689T - 0 . 3253T� 
-4 . 9085 + 8 . 1772T - 0 . 2205T
2 -3. 7076 + 8 . 5389T - 0 . 2430T
2 -5 .6748 + 8 . 4308T - 0. 2346T 
-3 . 0402 + 8 . 7284T - 0 , 2336T2 
-5 . 3989 + 9 . 7865T - 0 , 2788T� 
-5 . 7642 + 9 . 0732T - 0 . 2390T 
-10 . 9908 + 10 . 8226T - 0. 3516T2 
-8 . 0989 + 11 . 2458T - 0 . 3402T2 
-5 . 1981 + 10. 9911T - 0 . 3382T2 
-13 . 0508 + 13 .4813T - 0 . 506�
2 
-6 .6438 + 10 . 9668T - 0 . 3150 
-9 . 3226 + 12 . 5408T - 0 , 3706� 
-7 . 1137 + 1 1 . 8046T - 0 . 3383
� -8. 2927 + 1 1 . 8126T - 0 . 3309 
2 -7 . 3194 + 1 1 . 8504T - 0 . 3311T 
-8 . 7670 + 13 .6912T - 0 . 4025t2
t2 -12 . 4056 + 15 . 0817T - 0 . 4885 
-7 . 0168 + 12 . 3923T - 0 . 3338T2 
-4 . 4683 + 1 2 . 5 176T - 0 , 3482T2 
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0 . 0066� 
0. 0089T 
0 . 1471T3 + 0 . 00781'4 - 0 . 0001T5 
0. 012613 + o . 0011T4 
Treat11ent 
77/0/1 
77/0/2 
77/15/1 
77/15/2 
86/0/1 
86/0/2 
86/15/1 
86/15/2 
95/0/1 
95/0/2 
95/15/1 
95/15/2 
104/0/1 
· 104/0/2 
104/15/1 
104/ 15/2 
1 13/0/1 
1 13/0/2 
1 13/15/1 
11 3/15/2 
1 22/0/1 
1 22/0/2 
122/15/1 
122/ 15/2 
131/0/ 1 
131/0/2 
131/15/1 
131/15/2 
140/0/ 1 
140/0/2 
140/15/1 
140/15/2 
149/0/1 
149/0/2 
149/15/1 
149/15/2 
158/0/1 
158/0/2 
158/15/1 
1S8/15/2 
167/0/1 
167/0/2 
167/15/1 
167/15/2 
1 76/0/1 
176/0/2 
176/15/1 
176/ 15/2 
185/0/ 1 
185/0/2 
185/15/1 
185/15/2 
TABLE 10 
DEGREE AND BEST-FIT COEFFICIENTS FOR POLYNOMIALS USING HEAT TREATED 
GROLND TI.JRICEY CONSI STING OF DATA FROM TC HEAT CURVE$ 
Dearee 
1 
2 
2 
2 
3 
2 
2 
4 
1 
1 
2 
1 
3 
2 
2 
3 
3 
2 
1 
3 
3 
3 
3 
3 
3 
3 
3 
1 
2 
1 
2 
2 
1 
2 
2 
2 
1 
3 
2 
2 
3 
3 
1 
2 
2 
4 
3 
2 
2 
3 
1 
3 
(0 . 0  TO 2 . 0  MIN) & 
Coefficients for Polynomial 
0 . 900 + 3 , 1500T 
2 0 . 2564 + 6 . 1839T - 1 .  385 3T
2 0 . 1873 + 6 . 4846T - 1 . 439°? 
0 , 1339 + 6 . 6498T - 1 .6199 
0 , 1707 + 16 . 5 159T - 10 . 578�2 + 3 . 5428T
3 
0 . 0064 + 9 . 3910T - 2 , 6139T 
0 . 7958 + 9 . 1822T - 2 , 5 177T2 
0 . 0434 + 14 , 7825T - 12 . 5980T2 + 5 . 581 2T3 - 0 , 9697'1'4 
1 . 2900 + 3 . 3433T 
1 . 1756 + 3 ,4800T 
0 . 5094 + 10 . 2735T - 2 . 9801,_2 
1 . 6367 + 3 . 3967T 
• 0 , 0748 + 14 , 6473T • 9, 455 1T2 + 2 . 2518T3 
O·, 6661 + 9 .  85 73T - 2 . 8087T2 
-0, 0546 + 6 , 8013T - l , 7506T2 
0 . 0788 + 12 . 0340T - 7 . 5 784T2 + l , 8424r3 
0 . 0944 + 10 . 8790T - 6 . 409ST2 + l , 4896T3 
0 . 1548 + 8 . 0772T - 2 . 3403T2 
0 . 8644 + 3 . 3633T 
-0 . 0061 + 9 . 6030T - 5 . 2121T2 + l , 1 152T3 
0 . 1545 + 12 , 62 31T - 7 . 4459� + l . 6808T! 
0 . 2662 + 14 . 4879T - 9 . 4 378 + 2 . 3084T 
- 0 . 0384 + 8 . 5503T - 5 , 7885T2 + 1 . 5973T3 
0 , 1515 + 1 1 . 1914T - 6 . 2606T2 + l , 3252T3 
-0 . 0283 + 10, 3938T - 6 . 0566r2 + l . 4411T3 
0 . 0667 + 8 . 4539T - 4 . 6380� + 1 . 1555T
3 
0 . 0490 + 9 . 5431T - 5 . 7812 + l . 4411T3 
1 . 0391 + 3 . 3953T 
0 . 0033 + 5 . 7467T - l . 2000T2 
0 . 6778 + 3 . 1833T 
0 . 4799 + 8 . 5743T - 2 . 4751T� 
0 . 1897 + 7 . 9410T - 2 . 2805T 
0 . 7667 + 4 . 0500T 
- 0 . 0737 + 6 . 4825T - l . 71 76� 
0 . 8576 + 7 . 5669T - 2 . 0251 
2 0 . 2703 + 8 . 1299T - 2 , 1 100T 
1 . 1711 + 3 . 7040T 
0 . 0494 + 9 •. 8903T - 5 . 106l'r� + l . 0480T3 
0 . 2273 + 7 . 5208T - 2 . 1437� 
0 . 1221 + 8 . 7484T - 2 . 4459 
- 0 . 1107 + 10 . 9319T - 7 . 1579T2 + l . 8322T3 
-0 . 0914 + 10 . 5166T - 6 . 4777T2 + l , 5488T3 
0 . 6700 + 2 . 9800T 
0 . 4000 + 6 . 2666T - l , 7333T2 
0 . 0639 + 8 . 6460T - 2 . 3247T2 
0 . 0066 + 1 . 0357T - 0 . 1068,j,2 - 2 . 1808r3 + o . 69oot4 
-0 . 1126 + 1 1 . 1832T - 5 . 8170'1'2 + 1 . 2337T3 
-0 . 0561 + 8 . 2774T - 2 . 4951T2 
0 . 01 76 + 6 . 3426T - l , 6346T2 
0 . 02 27 + 8 , 9136T - 5 . 3212T2 + l . 284ST3 
0 . 9673 + 2 . 8860T 
-0 . 0672 + 9 . 5053T - 5 . 8187T2 + l . 4195T3 
'oriainal data may be obtained by contacting : FSIA, College of Home Economics , 1be 
University of Tennessee, Knoxville .  
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Treatment 
77/0/1 
77/0/2 
77/15/1 
77/1$/2 
86/0/1 
86/0/2 
86/15/1 
86/15/2 
95/0/1 
95/0/2 
95/15/1 
95/15/2 
104/0/1 
104/0/2 
104/lS/1 
104/lS/2 
113/0/1 
113/0/2 
113/15/1 
113/15/2 
U2/0/l 
122/0/2 
122/15/1 
122/15/2 
131/0/1 
131/0/2 
1 31/15/1 
131/15/2 
140/0/1 
140/0/2 
140/15/1 
140/15/2 
149/0/1 
149/0/2 
149/15/1 
149/lS/2 
158/0/1 
158/0/2 
158/15/1 
158/15/2 
167/0/1 
167/0/2 
167/15/1 
167/15/2 
176/0/1 
176/0/2 
176/15/1 
176/15/2 
185/0/1 
185/0/2 
185/15/1 
185/15/2 
TABLE 11 
DEGREE AND BEST-FIT COEFFICIENTS FOR POLYNOMIALS USING HEAT TREATED 
GRCXJND TURKEY C<:fiSISTING OF DATA FROM TC HEAT CURVES 
(O . O  TO 1 , 5  MIN)& 
Degree Coefficients for Polynolld.al 
1 0 . 696425 + 3 , 528569T 
1 0 . 742858 + 3 , 999997T 
1 0 . 639386 + 4 . 328571T 
1 0 , 641072 + 4 , 2 21426T 
2 0 ,417858 + 13 , 37856T - 4 , 9428SOT2 
1 0 . 835713 + 5 . 457139T 
2 0, 338097 + 11 . 928561T - 4 . 552375,_2 
3 0 . 059526 + 1 4 . 1 80982T • 10. 352423,_
2 + 2 , 933351!3 
1 0 . 955352 + 3 . 964287T 
1 0 . 849998 + 4 , 085716T 
3 0 . 009524 + 15 .471439T - l l . 066669T2 + 3 . 200000T3 
2 0 . 348810 + 8 . 599989T - 3 . 0666S9T2 
2 0 , 135711 + 1 1 , 800003T - 4 , 34582� 
2 0, 369046 + 1 1 , 685724T - 4 , 190486 
1 0 , 517859 + 4 . 128567T 
2 0, 248799 + 9 , 774391T - 3 ,466784T2 
3 0 . 032141 + 1 1 .752 349T - 7 .942717!2 + 2 , 133298!3 
1 0. 910716 + 4 . 528567T 
1 0 . 474997 + 4 . 100000T 
1 0 . 935714 + 4 . 17142 7T 
1 1 , 446425 + 5 .042860T 
6 -0. 000000 + 20 . 35003T - 26 , 38897T2 + 25. 19953T3 - 25 ,42095!4 
+ 19, 19893T5 - 5 . 68860T6 
1 0. 80358 + 3 . 24285T 
1 1 . 31072 + 4 , 58572T 
2 0 . 08928 + 8 . 73570T - 2 . 94285T2 
3 0 , 04286 + 8 . 752 33T - 5. 11420T2 + l . 3333or3 
1 0 ;98571 + 3 . 91428T 
1 0. 71786 + 3 . 98000T 
1 0 . 3732 1 + 3 . 95000T 
1 0 . 27857 + 3 . 91428T 
3 -0 . 03357 + 14 , 21368T - 11 . 55817,_2 + 3 . 69781T3 
3 -0. 07976 + 10. 59605T - 6 . 24766T2 + l , 511 13T3 
3 0. 00476 + 8 . 41902T - 5 . 24758r2 + l . 86665T3 
1 0 . 45178 + 3 . 92715T 
2 0 . 61309 + 9 .04287T - 3 . 12 382T2 
3 0 . 03572 + 1 1 , 30078T . 7 . 86666T2 ' +  · 2 . 57778T3 
1 0 . 64464 + 4 . 69857T 
1 1 , 03643 + 4 . 38571T 
2 -0 , 00357 + 8 . 92855T - 3 . 19999!2 
1 -0 . 1298 + 10. 3143T - 3 .6381T2 
2 0 . 00833 + 8 . 96287T - 3 . 27620T2 
2 -0. 002 38 + 8 . 96430T - 3 . 30478.T2 
2 -0. 04762 + 5 . 49285T - l . 26666T2 
2 0 . 25357 + 7 . 17857T - 2 . 428S8T2 
1 0 . 832 14 + 5 .07143T 
2 -0. 01191 + 7 . 67857T - 2 , 23810!2 
1 0 . 92678 + 5 . 13572T 
1 0 . 66608 + 4. 67000T 
2 -0 .0083 + 6 . 4786T - l , 7238r2 2 
2 0. 10000 + 7 . 63571T • 2 . 71429T 
89 , 95S9T
4 6 -0. 0000 + 8 . 2167T - 18, 7356T2 + 62 . 0002T3 • 
+ 53 . 333ST5 - 10. 8089'f6 
0. 86607 + 3 . 83571T 
Aori1inal data may be obt,ined by contacting: FSIA, College of Home Economic:$ , 'Ihe 
University of Tennessee, Xnoxville .  
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Statement 
TABLE 12  
FORTRAN PROGRAM USED FOR CALCULATION OF  THERMAL DIFFUSIVITY AND THERMAL 
CONDUCTIVITY ACCORDING TO THE COWLING METHOD3 
Program 
74 
900 
901 
12  
Dimension A (40) 
P (Y)• , 32*Y* (Tl/Vl-T2/V2)+ (R**2/12 , S- . 75-ALOG (R/2 . S) ) * (l , /Vl-l , /V2) - ( , 84 1 7*BXl * (EXP ( -2 , 3S*Y*T 
11  
20  
70 
80 
902 
140 
120 
no 
30 
40 
300 
1 (1 )/Vl-EXP (-2 . 35*Y*T2) /V2) ) 
FP (Y)• , 32* (Tl/Vl-T2/V2)- ( . 841 7*BXl * (EXP (-2 . 3S*Y*Tl )/Vl **-2 . 3S*Tl) - (EXP (-2 , 35*Y*T2) /V2*0E)) ) 
READ 12 ,N  
FORMAT ( 110) 
DO 300 J• l , N  
READ Il , R, Q,Vl ,Tl ,V2 ,T2 
FORMAT (6Fl0 . 4) 
DE•2 . 35 *T2 
DX•7. 873*T2 
DY•l6 . 56*T2 
Xl•l . 5326*R 
X2•2 . 806*R 
X3•4 , 069S*R 
PROD•l .  
BXl•l . 
BX2• 1 .  
BX3• 1 .  
DO 2 0  I• l , 20 
A (I)•2*1 
PROO-PROD* A (I ) 
PBX1• (- l) **I* (XI**A (I ) )/ (PROD**2) 
PBX2• (-l) **I * (X2**A(I) )/ (PR0D**2) 
PBX3a l-1) **I* (X3**A (I) ) /  (PROD**2) 
BXl- PXl+PBXl 
BX2•BX2+PBX2 
BX3= BX3+PBX3 
CONTINUE 
PRINT 70 
FORMAT(lH, 27X , 4H BX1 , 17X, 4H, BX2 � 13X ,4H BX3) 
PRINT 80, BX1 , BX2 , BX3 
FORMAT(lH0, 20X , 3 (SX ,El S , 7) )  
Y•0 . 4  
Z•F (Y) 
PRINT 140,Y, Z 
FORMAT(lHC,20X, 3H I , 1 7X , 4H Yl , 1 7X, 7H F (Yl) /20X , 4H 0, 2 (8X , Fl 5 . 6) )  
DO 110  I• l , 50 
Yl•Y-F (Y)/FP (Y) 
Z-F (Yl) 
PRINT 120, I , Yl , Z  
FORMAT (20X, 14, 2 (8X,El5 . 6) )  
Y•Yl 
IF (ABS (Z) . LT . l . E-5) GO TO 30 
CONTINUE 
Sl•Q/ (6. 2832*Vl ) * ( . 32*Y*Tl+ (R**2/1 2 . 5) - . 75-ALOG (R/2 . 5) - ( . 841 7*1BXl*EXP (-2 . 35*Y*Tl))  
1- ( . 4524*BX2*EXP (- 7 . 873*Y*Tl ) ) - ( . 31 06*BX3*1EXP (- 16 . 56*Y*Tl) ) )  
S2•Q/ (6 , 2832*V2) * (. 32*Y*T2+ (R**2/12 . 5) - , 75-ALOG (R/2 . 5 ) - ( . 84 17*1 BX1 *EXP ( -2 . 35*Y*T2))  
1• ( , 4524*BX2EXP (-7 . 873*Y*T2) ) - ( . 3106*BX3*1EXP (- 16 . 56*Y*T2) ) )  
PRINT 40 , S1 , S2 ,Y  
FORMAT(////20X , 3El 5 . 6) 
CONTINUE 
CALL EXIT 
END 
•statements 900 and 901 were in the original program as follows : 
900 F (Y) = . 32*Y*(Tl/Vl-T2/V2) + (R**2/12 . S- . 75-ALOG (R/ 2 . 5) ) * ( 1 , /Vl - l . /V2) 1 � ( . 841 7*BXl * (EXP 
l (-2 . 35*Y*Tl) /Vl-EXP (- 2 . 35*Y*T2)/V2) ) - ( . 3106*BX3*l (EXP (-16 . 56*Y*Tl )/Vl-EXP (- 16 . 56*Y*T2) 
l/V2)) - ( , 4524*BX2* (EXP (- 7. 873 l *Y*Tl) /Vl�XP (- 7 . 873*Y*T2)/V2))  
901 FP (Y) = , 32*(Tl/Vl-T2/V2) - ( , 8417*BX1* (EXP (-2 . 3S*Y*Tl)/V1* (-2 . 3S*Tl) - (EXP(-2 , 35*Y*T2)/V2*DE) ) )  
l - ( . 4524*BX2*(EXP (-7 . 873*Y*Tl) /Vl* (- 7 . 873*Tl ) - (EXP (- 7 . 873*Y*T2)/V2*DX) ) ) - ( . 31 06 ( BX3* (EXP 
l (- 16 . 56*Y*Tl) /Vl * ( . 1 6 . 56*Tl ) - (EXP (-16 . 56*Y*T2) /V2*DY) ) )  
902 Y• . 0007068 
DERIVATION OF EQUATION TO FIND THERMAL CONDUCTIVITY 
. AND THERMAL DIFFUSIVITY 
75 
The governing Laplace transformed differential equation is given 
by Carslaw . and Jaeger (1959) :  
O < r < a 
with insulated boundary ! = 0 . 0 , r = a 
d 1 .  R 
av 
an 1m a[ =  211' Kp 
where 
R-+O 
R = �� + r
12 • 2 r r '  cos 8 
The complete solution is given by 
-
� r
kt + r
2 
+ r'2 _ _  3 _ _  l n n r.rr ' 
r2r'2 1 
. � (1 - � cos 8 + 4 � - -2 tn V = '1T a2 2a2 4 2 a4' a 
( 
' 2 ' 21] Q oo ; e-ka2n, rnt :z - a:2 cos e + !zJ - ifC n�O en cos ne ni: i 
Jn (r a ) Jn (r ' a ) n1m n,m 
For a heat source at the center of the cylinder ., let r' = 0 . 0 ,  e = 0. 0, 
and v ;  f(8) , then n � O, e = 1. 
n 
{ 
2kt r2 3 
J 
-ka2t oo . J (ra ) 
V = m- 2 + 2 . 4 - tn i - & e m l 2 �- m a 2a m=l a a J0 ( aa ) m · m 
where am are the positive roots of J ' 0 (aa) = o. o .  
76 
A computer will be used to find k and K from the above equation 
by measuring radius, r ,  heat source strength, Q ,  temperature, V, at r, . 
and time, T .  We use Newton ' s  iteration method to solve the equation as 
follows: 
if J ' o (aa) = O � O  i. e. J1 (aa) = 0 . 0  
for the basis of discussion assume outside radius, a = 2.5 cm 
aa
1 
= 3 .831 7 
= 7. 0156 
aa.3 = 10.1735 
3 .831 7 = 3 . 8317 = 1. 5326 
a 2 .5  
7 . 0156 a2 = --a
- =  
10. 1735 
CX.3 = a 
7. 0156 = 2.806 2 . s  
= 10. 1 735 = 2 . S 4 . 0695 
77 
Substitute in the equation we get 
' 2 
sl 
= 
6.28�2 v
l 
{o , 32 YTl + 1�.s .  0 , 7S .  R,n 2�5 - 0.8417 BXl e·
2 , 3S VT1 
- 0 . 4524 BX2 e"
7 • 873 YT1 - 0 . 3106 BX3 e·
1 6 · 56 YT1J 
- 0 . 4524 BX2 e·
7• 873 YTz - 0.3106 BX3 e·
16 • 56 YT� 
Let F (Y) = sl - S2 = 0 
- 2 . 35 YT1/V1 - 2 . 35 YT2 /V2 -0 . 841 7 BXl (e - e ) 
- 7 . 8 73 YT1 /V1 - 7 . 873 YT2/v2 -0 . 4524 BX2 (e  - e ) 
- 16 .  56 YT2/V 2 . ) 
.. e 
(
�i . 35 YT1 -2
, 35 T
1 0.8417 BXl e · V -
. 1 
-2.35 YT2 - 2 . 35 T2
) ( 
- 7.873 YT1 
� 7 . 8 73 T1 
e V 
- 0.4524 ax2 e V ,  
2 1 
78 
-7 . 873 YT2 
- 7 . 873 T
2)
. 
(
1 
-16 . 56 YT
1 
-16.56 YT1 
- e 0.3106 BX3 e v
2 
-
v
l 
16 . 56 YT 2 -16. 56 YT 2 
) - e v2 
For Newton ' s  method 
F (Y) 
F (Y0) 
- 0 
Slope = F ' (Y0) 
= 
y 
_ y 
0 1 
f (Y1) ... O
 
Slope = F '  (Y ) = ----1 yl - Y2 
f (Y0) 
y 1 = Yo 
- f 1 (Y ) 
0 
f (Y1) 
y 2 = y 1 - f' (Y ) 1 
F (Y2) 
yi+l 
= Yi - F(Y2) 
Assuming Y0 
then we can use computer with Newton's iteration 
method to solve the equation 
thermal conductivity and thermal diffusivity values may be calculated . 
Source : Cowling, P. 1972. Private Communication. Dept . of 
Mechanical and Aerospace Engineering . The University of Tennessee, 
Knoxville . 
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Part 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
TABLE 13 
PARTS LIST OF THERMAL CONDUCTIVITY APPARATUS 
AND ACCESSORIES 
Description 
Heated cylinder 
Rheostat 
Voltmeter , Simpson Model 157 
80 
Ammeter , General Electric AC 
Potentiometer, Honeywell Electronik 16 
Water.bath, Precision Scientific 
Products 
Pump, Sears Submersible 
Cooling vat 
Inner thermocouple, cooper-constantan . 
Outer thermocouple , copper-constantan 
Resistance-heater wire, chromel-C 
Vernier caliper 
Sample 
OPERATION · op THERMAL CONDUCTIVITY APPARATUS 
AND ACCESSORIES 
Adjust waterbath to selected end point temperature. 
Check voltage to 5 volts. 
Check accuracy of thermocouples. 
Adjust cooling vat to 77 ° F. 
Weigh initial package sample · weight . 
Pack sample in heat cylinder using the sample packer. 
Record final weight of sample package. 
Measure and record sample height using Vernier calipers. 
Stabilize initial sample temperature at 77 ° P using circulating water 
from cooling vat. 
Place pump in waterbath at selected en� point temperature . 
Turn on pump and record initial temperature of the inner thermocouple 
simultaneously. 
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Continue recording during the heating phase until a steady-state condi­
tion at the selected end point temperattlre is reached, i. e. , the 
inner and outer thermocouple record temperatures identical to inflow 
temperature of the waterbath medium. 
Initiate procedure to record data for calculation of thermal conductivity . 
Select only record of the inner thermocouple, i. e., the 
thermocouple closest to the heat source . 
Move up the potentiometer chart paper slightly. 
Simultaneously as the inner thermocouple begins to record 
tum on voltage. 
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Check voltage and amperes. Record volts and amperes , 
Record temperature rise for a 2 minute period. 
As last record for the 2 minutes is completed 
Turn off pump and switch to cooling vat. Turn off voltage , 
Move up chart 
Select temperature record for both inner and outer 
thermocouples 
Turn on pump to circulate water from cooling vat. 
Cool sample until a temperature of 77°F is obtained. 
Remove top and bottom stoppers and plastic disks from the ends of heat 
cylinder. 
Place sample in preweighed plastic container and cover. 
Wash heat cylinder. 
8 3  
TABLE 14 
THERMAL DIFFUS IVITY VALUES CALCULATED FROM TWO TC HEAT CURVES
a 
o . o  to � .o 
End Point 
O p  H 
17  0 , 3243 
0 . 4489 
86 0 . 1813  
0 . 4524 
95 0 . 2401 
0 , 2 743 
104 0 . 1 929  
0 . 2663 
1 1 3  0 , 2232 
0 . 3573 
1 22 0 . 2064 
0 . 1 686 
131  0 . 2620 
0 . 3045 
140 o .  7453  
0 . 4352 
149 0 . 4893 
0 . 5647 
1 58 0 . 2915  
0 . 2 71 3  
1 67 0 . 2 250 
0 . 2344 
1 76 0 . 4533 
0 , 4476 
1 85 0 . 5 1 16 
0 . 2408 
Curve .. Fitted 
�.6 to LS 
R0Iain1 Time1 Rin 1s � a 
0 . 5056 0 . 4694 
0 . 476 7  o .- 4988 
0 . 2543 0 , 1927  
0 . 1692 0 . 6050 
0 . 2 881 0 . 3844 
0 . 192 1 0 . 4454 
0 , 5753 0 . 2 205 
o . �014  a I 2077 
0 . 3605 0 . 2062 
0 . 2649 0 � 4607 
0 . 2 158 0 . 3230 
0 . 2 158  0 . 1244 
o.  2404 0 . 2 785 
0 . 3028 0 . 2 889 
o .  2 792 0 . 9806 
0 . 3503 1 .  302 1  
0 . 2305 0 . 5 270 
0 . 3873 0 . 8053 
0 . 3387 0 . 6754 
0 . 3983 0 . 392 1  
0 , 412 1 0 . 2419 
o .  2 85 3 0 . 2 382 
0 . 3 1 78 0 . 5638 
0 . 4120  0 . 42 12 
o .  2 764 0 . 5027  
0 . 2456 0 . 2392 
15 
0 . 6274 
0 . 6101  
0 . 1 792 
0 . 1 81 1  
0 . 2 1 16 
0 . 1998 
0 . 7387 
0 , 2 21 7  
0 , 7997 
0 . 4 1 30 
0 . 3739 . 
0 , 3242 
0 , 3679 
0 . 5 136 
0 . 1 939 
0 . 2 71 3  
0 , 1855 
0 . 3195 
o .  2 5 77 
o . 2 963 
o. 7103 
0 . 2 330 
0 . 5 1 34 
0 . 6496 
0 � 4742 
O a 4103 
aCalcul ated by the Cowling method - in terms of cm/sec . 
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TABLE 15 
SAMPLE COMPARISON OF DATA OBTAINED FROM TURKEY 
PECTORAL MUSCLES 
Lot 
Parameters A I � 
Total moisture, % 74.13 74.17 73 .80 
74. U 73 .88 73.53 
Lipid, % 1. 60 1 .68 1 .58 
pH 5 .73 5 .69 5.  71 
5 .  74 5 .74 5 .69 
Expressible moisture index 1 .03 1 . 23 1 .31 
1 .23 1 .15 1 .27 
Protein, mg N/ga 
Low-ionic strength fraction 14. 36 17 . 92 1 7 . 72 ' 
Nonprotein fraction 4, 63 6 , 28 5 , 08 
Total 39 . 72 41 .20 35 .34 
30. 47 43. 77 3L 04 
aWet · tissue basis. 
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PROTE IN ANALYS IS 
Low-Ionic Strength Fraction 
Remove two-gram sampie from heat cylinder (Figure 4, page 32) and place 
in 35 ml potassium phosphate buffer (K2HP04, KH2Po4; I = - 0 . 05, 
pH 7. 6) at approximately 37 QF .  
Homogenize in VirTis 45 Homogenizer and place in 50 ml polyethylene 
centrifuge tube. 
Rinse flask with 15 ml buffer. 
Stand one hour, agitate every 15 minutes. 
After one hour, centrifuge homogenate 20 minutes at 2 7,000 x G (37 QF) . 
Filter supernatant through Whatman No. 1 filter paper , 
Resuspend residue in centrifuge with 25 ml pho�phate buffer. 
Agitate every 15 minutes for one hour and centrifuge and filter as 
before. 
Record total volume. 
Determine mg N/g tissue on two 5 ml samples of supernatant · according 
to the AOAC (1970) micro-Kj elda�l method. Calculate using Equation 
10 . 
Nonprotein Nitrogen 
Add 5 ml of 10 percent trichloroacetic acid to 15 ml low-ionic strength 
fraction supernatant , 
After 30 minutes filter through Whatman No , 1 paper . 
Determine mg N/g tissue on two 15 ml samples of .filtrate according to 
the AOAC (1970) micro-Kjeldahl method. Calculate using Equation 11 . 
Total Protein 
Using approximately 0 ,200 g of sample (Figure 4, page 32) determine 
mg N/g tissue accdrding to the AOAC (1970) micro-Kj eldahl method. 
Calculate using Equation 12 . 
Equations for Calculation of � N/g Tissue 
Equation 10: mg N/g tissue = C
A - B) x C x N x 14 , 01 o x e 
Equation 11: 
Equation 12: 
mg N/g tissue= (A - B} x C X N x
 14 , 01 � 1. 33 o >< 6 
__ (A - B) �: N x 14 , 01  mg N/g tissue - 0 
A represents ml HCl used to titrate sample. 
B represents ml HCl used to titrate blank. 
C represents volume of supernatant. 
D represents grams of sample used in determination , 
E represents volume of filtrate analyzed. 
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2 gm sample blended in 35 ml 
of P04 buffer + 15 ml rinse 
with same buffer 
after 1 hr centrifuged 
for 15 min 
residue 
added 25 ml P04 buffer 
mixed, after l hr centrifuged 
15 min· ···. : ·  
sup'erna tan t 
I supernatant I 
low-ionic stren th fraction 
micro-Kj eldahl 
determination 
precipitate 
(discarded) 
15 ml sample of low-ionic 
strength fraction treated 
with TCA for nonprotein 
nitrogen determination 
filtrate, micro­
Kj eldahl determination 
Figure 5 .  Scheme for determi.nation of protein extract ab le in 
phosphate buffer. 
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